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Now available—a fascinating illustrated booklet 
to help you make fullest use of The Book of Popular 
Science when teaching about lunar exploration. 


Always, The Book of Popular Science has laid great stress 
on astronomical physics and on man’s persistent dream to 
reach out, to learn about, to explore the realms beyond his 

own earth. To aid you in interpreting this vital subject, 

a copy of TO THE MOON AND BEYOND is yours with your 
new set of this unique science library. 


This illustrated booklet describes the moon itself, discusses 
the moon shoot and our plans thereafter. Always, 

TO THE MOON AND BEYOND is specifically keyed 

to the wealth of up-to-date material in The Book of 
Popular Science. It is the same kind of invaluable teaching 
aid that Planning and Organizing Science Programs in 

The Elementary School is to THE BOOK OF KNOWLEDGE, 
With man’s latest and greatestleap into @\ 3s. 
the mysteries of space, The Book of \ 
Popular Science becomes, more than 
ever before, the indispensable 
science teaching tool. 


10 VOLUMES °* 4,294 PAGES 
4,360 ILLUSTRATIONS 
The ONLY general 

purpose science reference 
work. 
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The Book of Popular Science 
Published by The Grolier Society Inc. 
international Headquarters: 575 Lexington Avenue, New York 22, N.Y. 
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with reinforced PYREX funnels 


Ever notice the thick bead that runs 
around the rim of a Pyrex brand 
funnel? It’s there to prevent chip- 
ping should you tip a funnel in your 
work, 

There’s more reinforcement where 
the stem meets the body of the fun- 
nel. And the funnel itself is an- 
nealed from tip to top to make it 
stronger. 


Takes chemical abuse, too. All 
Pyrex funnels are made of PyREXx 
brand glass No. 7740, so you get 


PYREX’ laboratory ware... 
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top resistance to acids, alkalies, and 
washing solutions. 


Faster filtering fluted funnels. For 
not a penny extra you can equip 
yourself with our special fluted fun- 
nels. These have flow-channels con- 
verging at the filter apex to drain 
papers faster—even when loaded 
with sludgy precipitates. 


Funnels to fit your work. Choose 
exactly what you need from more 
than 270 different types and sizes: 
standard filtering funnels, some with 


fritted glass filters built in, special 
models, too; separatory funnels that 
include light-shielding low actinic 
glass, micro sizes, some equipped 
with needle valves, and many other 
specials. They’re all in our Catalog 
LG-1, along with thousands of other 
Pyrex items. If you don’t have a 
copy, write us at Corning, N. Y. 


CORNING GLASS WORKS 
y CORNING MEANS RESEARCH IN GLASS 


the tested tool of modern research 
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| No Parallax — No Troublesome Adjustment 


WELCH GRATING SPECTROMETER 


An Economical Instrument for Students of General Physics or Chemistry 


Light Weight ~ Portable ~ Adjustable Slit 
























No. 3693A. 


Designed by Prof. R. W. Wood 


Includes Welch Replica Grating 
having 14,440 lines per inch 


Wave-length Scale with range of 
4000 to 7600 angstroms 


Blue Filter to increase relative 
visibility in blue region 


No. 3693. 


3693. GRATING SPECTROMETER, R. W. Wood De- 
sign.* This inexpensive grating spectrometer is excellent 
for elementary student use. The wave length of spectral 
lines from flames or spectrum tubes can be read directly 
to within 50 angstroms from the wave-length scale on 
which they appear superimposed. The dimensions and 
weight are such that the instrument can be supported by 
hand, if necessary, to view spectra of the sun, fluorescent 
lights, or other inconveniently located sources. The scale 
extends from 4000 to 7600 angstroms. 


Radiation enters through an adjustable slit and is 
viewed through a replica diffraction grating mounted in 
the eyepiece. The first order spectrum to the right of 
the central beam is superimposed on the wave-length 
scale, an adjustment being provided to insure proper 
calibration based upon the position of the sodium doublet. 
The wave-length scale is illuminated through a translucent 
background from No. 3693A Light Attachment listed 
below or from any other suitable external source. There 
is no parallax between spectral lines and the wave-length 
scale. With this arrangement it is simple to explain the 
relationship between wave length and diffraction angle. 


“Originated by Professor R. W. Wood, of Johns Hopkins University. 
specifically for student use and manufactured exciusively by Weicu. 


Especially brilliant spectra are obtained through the 
use of a Replica Grating which, due to the shape of the 
rulings, concentrates the energy in the particular order 
being viewed. Because of this brilliance it is rarely 
necessary to darken the room to see the spectra. When 
studying faint blue lines, a blue filter mounted on a 
hinged frame may be moved over the slit to lower the 
intensity at the red end of the spectrum. Other filters 
may readily be substituted. 


The metal housing is triangular in shape, having a 
greatest width of 22 cm and the distance from eyepiece 
to slit being 44 cm. The tripod base can be detached 
from the convenient handle when the instrument is to be 
held by hand. 


Because of the low price of this spectrometer it is 
practical to have several in the student laboratory 
Complete instructions are included. Each, $78.50 


3693A. LIGHT ATTACHMENT. For illuminating the 
wave-length scale of No. 3693 Grating Spectrometer when 
used in a darkened room. It consists of a flashlight cell 
and lamp in a housing which mounts over the scale by a 
thumbscrew. Each, $9.50 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 





ESTABLISHED 1880 
1515 Sedgwick Street, Dept. T 





Chicago 10, Illinois, U. S. A. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 





426 


The SCIENCE TEACHER 














Staff 


Editor ROBERT H. CARLETON 
Associate Editor 

and Advertising FRANCES J. LANER 
Circulation 

Manager GLENN E. WARNEKING 


Membership and 


Subscriptions EDITH M. NICHOLAS 


Advisory Board 
ABRAHAM RASKIN (1959), CHAIRMAN 
RICHARD R. ARMACOST (1958) 
ESTHER BOSSUNG (1960) 

PAUL F. BRANDWEIN (1958) 
JOHN H. MAREAN (1959) 
RICHARD SALINGER (1960) 


Science Consultants 


William Jones Bowen, National Institutes of 
Health, BIOLOGY 

James W. Cole., Jr., University of Virginia, 
CHEMISTRY 


John S. Toll, University of Maryland, PHYSICS 


Articles published in THE SCIENCE TEACHER 
are the expressions of the writers. They do 
not represent the policy of the Association 
or the Magazine Advisory Board. 


The National Science Teachers Association 
is a department of the National Education 
Association and an affiliate of the American 
Association for the Advancement of Science. 
Established in 1895 as the NEA Department 
of Science Instruction and later expanded as 
the American Council of Science Teachers, it 
merged with the American Science Teachers 
Association and reorganized in 1944 to form 
the present Association. 


December 1958 


Vol. XXV, No. 8 


What About Science is Important to Teach? 
Wallace W. Sawyer 
Earth-Probe Analysis 
IGY Committee, National Academy of Sciences 
Visual Oxidation-Reduction Reactions 
J. B. Kelley 
From Research to Classroom Laboratory 
Determination of Half-Life 
T. Handley Diehl and C. Don Geilker 
Aberrations in Discussions of Newton’s Laws 
L. W. Phillips 
The Science Involved in Rocketry 
H. H. Bliss 
A Science-Economics Workshop 
Charles Breedlove, LeVan Shugart, and Alden Smith 
Rebuilding the Science Program 
Concerning Ninth-Year Biology 
Philip Goldstein 
Extending the Science Curriculum 
Sumner T. Scott 
Teaching the Average Student 
Pcul Westmeyer 
Science Fiction in the Elementary School 
Alan L. Dodd 
Solving Problems by the Mole Method 
Frank J. Gomba 
3-D Models for Every Classroom 
C. A. R. Johnson 
A Demonstration Lens 
Roland O. Sprecher 
Spotlight on Research 
Textbook and Reading Difficulty in Science Teaching 
George Greisen Mallinson 
Classroom Ideas 
Assignments in the Study of the Invertebrates 
Sister M. Clarice, O.P. 
Earth’s Magnetic Field 
Robert H. Long 
Science Teaching Materials 
Editor’s Column 
Readers’ Column 
NSTA Activities 
FSA Activities 
Index to Volume XXV, The Science Teacher 
Index to Advertisers 


December 1958 


430 
434 


439 


442 
444 
448 


451 


454 
458 
460 
463 
465 
467 


470 


474 


478 


479 
483 
428 
429 
481 
482 
485 
488 


427 








Charles F. Kettering—never another like him, and never 


to be replaced but a man always to be remembered. Dead 
at 82 on November 25, “Boss Ket” has won a permanent 
place in the history of American invention and industrial 
research; also in my opinion in American folklore of inter- 
est and of use to the science teacher. 

Mr. Kettering produced countless unique phrases ex- 
pressing a philosophy of teaching and learning which seems 
worthy of frequent reference. His admonitions were mostly 
overdrawn; nevertheless they carried real punch when told 
in his blunt, homespun fashion. 


“Education is all wrong; you fail once and you're out. 
In research and invention, you succeed once and you're in.” 


“Research is simply an attitude of mind . . . To me, 
science is merely finding out how nature does things .. . 
It’s just as simple as that.” 


Two of “Boss Ket’s” researches which were carried on 
with the collaboration of Dr. Thomas P. Midgley will re- 
main as classics of “the scientific method” in action—one, 
the successful research for a nontoxic, nonflammable, non- 
corrosive refrigerant; the other a quest for an engine anti- 
knock, which resulted in the discovery of tetraethyl lead. 

His burning curiosity about answers to baffling scientific 
questions—“Why is grass green?” “Why can we see through 
glass?” and others—led to his support, for example, of the 
Sloan-Kettering Institute for Cancer Research and of photo- 
synthesis research at Antioch College, Yellow Springs, Ohio. 


I am proud to have as my home town the same one which 
Mr. Kettering adopted as his own—Dayton, Ohio—and 
where he did practically all of his work prior to about 1925. 
I knew personally one of the men who made original draw- 
ings of the automobile self-starter, done in the basement of 
a neighborhood home “after work” and far into the night. 
Some thirty years ago I heard my first of half a dozen talks 
given by “Boss Ket’”—one in which he told about calling in 
his staff and telling them that he wanted an automobile 
painted in much less than 37 days. Some time later they 
reported they had the time down to two weeks. He ex- 
ploded and said: “I want it done in one hour.”’ The upshot 
of this was the first Duco, a paint that dried so fast it 
dropped as dry powder before hitting the automobile. Then 
the problem was to slow down the drying time! 

Mr. Kettering’s most direct activity in pre-college science 
teaching was through his presidency of the Thomas Alva 
Edison Foundation and its series of Institutes on science 
teaching, which NSTA helped inaugurate in 1951; and the 
ninth meeting which was held in Cincinnati, Ohio with 
“Ket” an active participant, less than two weeks before his 
death. A man who lived 82 years, who invented, innovated, 
discovered, and gave us leadership as Mr. Kettering did 
would not ask for tears and laments on his passing. He has 
left a great deal to enrich the teaching of science which is 


Aet-H. Cnbtor— 
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My grateful thanks to you and your colleagues for the 
invaluable help they have given me, and the free mate- 
rial they have sent me since I became a member of 
NSTA. 

Many of your books are finding their way in my 
library by degree. 


SIsTER Mary CuHar tes, O.P. 
Dominican College 
Belfast, Ireland 


I am a ninth grader in Dennis Junior High School 
here in Richmond. My father is a science and biology 
teacher at Brownsville, and is a member of NSTA. 

You send out wonderful papers and articles to teach- 
ers. I try to read all that Daddy receives. I certainly 
enjoy them. 

Patricia H. WILLIAMS 
Richmond, Indiana 


I am glad to see the new service on publications being 
offered in HECTOR’S CORNER of the Science Teacher 


‘magazine. 


STANLEY HOLZHAUER 
Science Dept. 
Bloomington High School 
Bloomington, Illinois 


Your office is making very fine contributions to 
better science teaching. I count my membership a 
blessing. ST and the many other publications your 
office puts out are most helpful in planning my mate- 
rials and demonstrations. 

BROTHER RAYMUND, F.S.C. 
St. Mary’s High School 
Waltham 54, Massachusetts 


As a member of NSTA I would like to see the in- 
ductive method publicized among our active teachers 
as I feel that in it lies a great challenge to our better 
chemistry teachers of today. I am submitting an 
article. Having found many stimulating articles in 
TST I would like to contribute my share too! 

SISTER ERNESTINE MARIE 
Saint Patrick’s Convent 
850 De Salaberry Avenue 
Quebec 6, P.Q. 
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Your publication has been of great service to me 
during this first year of teaching. Thank you for the 
concise reports. 

LORETTA SCHULZ 
405 High Street 
Chestertown, Md. 


The Association is absolutely the finest! The maga- 
zine, The Science Teacher, is everything one could want 
to stimulate one’s own efforts and to make one conscious 
of what others are doing. I wouldn’t miss it for the 
world! 

Sr. M. IRENAEA WINKELJOHN 
Regina High School 
Norwood, Ohio 





As a regular feature of The Science Teacher, the calendar will 
list meetings or events of interest to science teachers which are 
national or regional in scope. Send your dates to TST’s calendar 
editor. Space limits listings of state and local meetings. 


December 27-30, 1958: NSTA Annual Winter Meeting with, 
science teaching societies affiliated with the American 
Association for the Advancement of Science, Wash- 
ington, D. C. 


December 28-30, 1958: 18th Christmas meeting of the Na- 
tional Council of Teachers of Mathematics, New York 
City 

February 19-21, 1959: National Association for Research in 
Science Teaching, Atlantic City, New Jersey 


February 21, 1959: Council for Elementary Science Interna- 
tional (CESI), Atlantic City, New Jersey 


February 28-March 1, 1959: CESI, Cincinnati, Ohio 
April 3-4, 1959: CESI, St. Louis, Missouri 


March 31-April 3, 1959: Annual Convention, National Cath- 
olic Educational Association, Atlantic City, New 
Jersey 


March 31-April 4, 1959: NSTA Seventh National Convention, 
Atlantic City, New Jersey 
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WHAT ABOUT SCIENCE IS 
IMPORTANT TO TEACH? 








By WALLACE W. SAWYER 


Science Department Chairman, Weston, Massachusetts, Public Schools 


WHEN PROPERLY TAUGHT and organized, science 
has much to contribute to the educational develop- 
ment of the entire population of our elementary and 
secondary schools. At an early age boys and girls 
show great curiosity regarding their physical and 
living environment. Teachers in the elementary 
grades, although little prepared in science, find that 
children are keenly interested in their surroundings 
and that science experiences are among the most 
fruitful in guiding the children to write, read, spell, 
and orally express themselves. This curiosity and 
eagerness continues on through the higher grades as 
demonstrated by the great variety of “how” and 
“why” questions asked by the children and their 
willingness to collect materials, create models, ex- 
periment, dissect, and investigate objects of their 
environment. In many of our elementary class- 
rooms we find science being taught in a manner 
that is real and alive with meaningful activity and 
with children greatly enjoying these experiences. 

Such an atmosphere does not as frequently prevail 
in the science classrooms of the junior and senior 
high school. As a rule teachers of these grades are 
more adequately prepared in science, but even so, 
the emphasis and method of presentation is quite 
different and the interest of boys and girls for 
science much lessened. The learning situation lacks 
challenge, interest, and opportunity to carry out 
real experiments that arise out of the “how” and 
“why” questions of the children. Learning of facts 
becomes the primary objective and reasoning and 
critical thinking are secondary. This leads to an 
atmosphere of boredom which can soon be detected 
as one visits the classroom. This situation of course 
does not prevail in all high schools, but it is much 
too common and is thought by some authorities to 
be one of the primary reasons as to why so many 
of our boys and girls of high school age are un- 
interested in science and scientific careers. During 
the high school years the pupils are very im- 
pressionable and their feelings and opinions toward 
science taught in the high school is predicated upon 
liking for science in later life. Can it be that the 
science taught in the high school is predicated upon 
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a different philosophy as to the meaning of science? 
The author of this article is inclined to agree that 
such is the case. Certainly before attempting to 
answer the question contained in the title of this 
article it is necessary to agree as to what science 
really means. 

Since the time of Galileo and Bacon much prog- 
ress has been made in gaining an understanding 
of our physical and living environment. This im- 
mense amount of information has, over the years, 
been organized and arranged according to system. 
From this systematic and efficient classification of 
knowledge has come our various branches of science. 
Many science teachers, especially in high school 
and college, regard science as solely this body of 
classified factual information. With this as a 
definition, the objective in teaching science is to 
present factual information in as logical and sys- 
tematic a manner as possible. Teaching is largely 
authoritative and boys and girls are expected to 
memorize and recite back what is said by the in- 
structor and stated within the textbook. Although 
many pupils appear to achieve mastery through this 
method of teaching there is actually gained little 
real understanding and retention is very short. The 
learning situation is usually boring and generally 
uninspiring to the majority of the class. 

Other science educators regard science as a great 
deal more than this knowledge we have gained. To 
these teachers, science is the method by which we 
have acquired this understanding. It is the ra- 
tionale by which scientists today are learning new 
concepts and by which future scientific progress 
will be made. The dynamic aspect of this meaning 
of science has been well stated by Dr. James B. 
Conant’ in his book On Understanding Science: 


“Science emerges from the other progressive activ- 
ities of man to the extent that new concepts arise 
from experiments and observations, and the new 
concepts in turn lead to further experiments and 
observations.” 


This is an operational definition—science is as 


1j. B. Conant. Understanding Science. New American Library of 
World Literature, New York. 1952. 
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scientists do. 
about its business. 
the objectives in teaching become quite different. 
Factual information although important is sub- 
ordinate to how science functions. 

In the use of historical materials, students gain 
understanding and appreciation of and interest in 


In simple terms it is how science goes 
With this meaning of science 


science. Based upon this latter philosophy of 
science a few cardinal principles of the scientific 
method appear to be fundamental to the teaching 
of all science. These I believe become the answer 
to “What About Science is Important to Teach?” 


The Assumption of Order 


In the book The Common Sense of Science by 
Bronowski * it is stated: 


“To this was added in the sixteenth and seventeenth 
centuries new assumption about the kind of order 
which science sets out to find or make. Roughly, 
the assumption amounts to this, that science is to 
get rid of angels, blue fairies. with red noses, and 
other agents whose intervention would reduce the 
explanation of physical events to other than physi- 
cal terms. The world is regular; the world is a 
machine.” 


This is the implicit belief of scientists that the 
events of nature are causally connected. It is the 
assumption that none of the events of nature occur 
-arbitrarily, but rather are determined by various 
prior causes. That two or more isolated, similar 
systems started from the same conditions will run 
through the same course of events. 


Experimentation and Observation 


To science and scientists is often ascribed the 
task of explaining why things happen; actually, 
science is almost exclusively engaged in describing 
how things happen. In the days of Aristotle the 
emphasis was always on the why of nature. Scien- 
tists of this era developed a system of bold ideas 
arrived at by mixing logic with mathematics. These 
ideas were used to explain natural phenomena. They 
made little or no use of observation or experimenta- 
tion in testing the correctness of their thinking. It 
was not until the sixteenth century when Galileo 
kept harping on Aow things happened that experi- 
mental science was founded. Galileo was forever 
concerned with a body of hard and irreducible facts 
and their correlation into laws prescribing behavior. 

To one concerned with how things happén under 
certain conditions the next step is obvious; simulate 
the desired conditions, perform the test, and observe 





2 J. Bronowski. The Common Sense of Science. Harvard University 
Press, Cambridge, Massachusetts. 1953. 


December 1958 


closely the results. The Law of Cause and Effect 
provides that if the conditions under which the ex- 
periment is performed do not vary, then the result 
of the experiment will also not vary. In other words 
experiments are reproducible, which means that the 
original experimenter or any other experimenter 
exactly imitating the original conditions of the test 
will obtain the same results when the test is per- 
formed. Cause is linked with effect. If the cause 
is modified, then the result is also altered. The 
effect is a function of the cause, useful information 
might be yielded if a single one of the conditions of a 
given experiment were systematically varied and the 
corresponding results obtained were closely ob- 
served. It is this process of systematic and con- 
trolled exploration that constitutes the major work 
of the world’s scientific laboratories. 


There is of course a basic difference between con- 
trolled experimentation and observation, and the two 
are present in mixed proportions in various sciences. 
Astronomy is an excellent example of a purely ob- 
servational science since the motions or positions of 
the stars, planets, and other heavenly bodies cannot 
be manipulated by man to facilitate his search for 
knowledge. Physics, on the other hand, is a science 
which can be almost purely experimental. Between 
the two extremes range the other sciences. 

The idea of accurate measurement is an essential 
part of the foundation of experimental science. 
Before Galileo the objective of the scientist was to 
classify knowledge. In experimental science the ob- 
jective is to measure. The great progress of the 
physical sciences principally results from this con- 
centration with measuring things carefully. A 
satisfactory answer of “how” things happen de- 
mands a quantitative statement of the relations in- 
volved. The chemical balance placed in the hands 
of men like Black, Priestley, and Lavoisier made 
possible the research that disproved the phlogiston 
theory. Examples of this sort are most numerous 
over the past three centuries. 


From the intelligent appraisal of the data ob- 


tained from the progress of experiment and observa- 
tion, the scientist may proceed to the 


Induction of General Laws 


Francis Bacon is recorded as the father of induc- 
tive reasoning. By definition, induction is a process 
of inference by reasoning from particulars to gen- 
erals. Its application in science is illustrated by the 
formation of general laws of behavior from the con- 
sistent trends and relations made evident from ex- 
perimental data. Examples of the results of in- 
duction are numérous in the various sciences. Most 
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Wish your Students 
were always 


this way? 


With the Christmas holidays close at hand, your stu- 
dents are probably at their most angelic. If you know 
how to keep them that way all year ‘round, you're a 
genius—and probably also a happy user of the outstand- 
ing textbooks that make up the DVN Science Program. 
Constantly undergoing revision to assure timeliness and 
teachability, these texts are planned to keep your students 
angelic all year long (or, at any rate, happily absorbed 
in their science courses). 





SCIENCE IN EVERYDAY LIFE 


1958 edition Obourn, Heiss, Montgomery 


The fascinating new applications of science in our daily lives, vividly described for your ninth- 
grade general science students. 


BIOLOGY—A BASIC SCIENCE 
1958 edition Heiss, Lape 


An activity-packed, meaningful treatment of biology for high school courses, based on the 
principle of “learning by doing”. 


PHYSICAL SCIENCE—A BASIC COURSE 
1959 edition Hogg, Cross, Vordenberg 


A carefully integrated presentation of the basic principles of chemistry, physics, earth science, 
meteorology, and astronomy. 


EARTH SCIENCE—THE WORLD WE LIVE IN 


1959 edition Namowitz, Stone 


A colorful revision covering the major areas of earth science—geomorphology, astronomy, 
meteorology, oceanography, and climatology. 


PHYSICS—AN EXACT SCIENCE 
1959 edition W hite 


A high-level text for abler students, based on the TV physics course presented in Pittsburgh 


by Dr. Harvey E. White. 


CHEMISTRY—A BASIC SCIENCE 
1957 edition Hogg, Alley, Bickel 


An accurate and up-to-date account of the latest advances in chemistry, including a greatly 
expanded unit on atomic energy. 


PHYSICS—A BASIC SCIENCE 


3rd edition Burns, Verwiebe, Hazel, Van Hooft 
An exciting textbook, constantly emphasizing the relation of physics to everyday life. 


120 Alexander Street 
VAN NOSTRAND Rae Vie: Scone 
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of our mathematical formulas predicting the be- 
havior of natural phenomena are the result of care- 
ful experimentation. A typical example of this is 
shown in the labors of Robert Boyle of the seven- 
teenth century who invented and used the air pump 
and vacuum apparatus in precise and quantitative 
experiments on the atmosphere and other gases. The 
data obtained lead through a process of induction 
to the generalization familiar to every school boy 
physicist as Boyle’s Law: PV=k. 

In recent times are experiments conducted by A. 
A. Michelson and E. W. Morley to determine the 
changes in the velocity of light relative to the earth 
caused by motion of the earth through the mysteri- 
ous and subtile medium “ether.” The results in- 
dicated no change at all in the speed of light relative 
to the earth, regardless of the relations between the 
directions of motion of earth and light. These 
results provided the data from which Albert Ein- 
stein developed his Theory of Relativity. These 
facts revealed by the experiments of Michelson and 
Morley were explained by the theory of Einstein. 
As shown above the induction of generalizations 
leads to the 


Development of a Theory 


Dr. James B. Conant,* in Science and Common 
Sense, has stated: 

“Almost all significant work of scientists today . . . 

comes under the heading of attempts to reduce the 


degree of empiricism . . . or to extend the range of 
theory.” 


In other words, the purpose of science is to in- 
crease man’s ability of predicting behavior and con- 
trolling it without returning to the inefficient meth- 
ods of trial and error. Science attempts to reduce 
numerous experimental facts and laws to a mini- 
mum of what Dr. Conant aptly calls “conceptual 
schemes.” These schemes are of great value and 
importance to the scientist because they not only 
give a logical explanation of the facts observed, but 
also suggest new ideas for further experimenta- 
tion and the acquisition of new facts. Indeed, it is 
by just this faculty of prediction that a theory falls 
or stands the test of time. 

An example to illustrate the manner of a theory’s 
growth and its effectiveness in gaining a more com- 
plete understanding of the nature of gases is the 
work of Robert Boyle. In explaining the data ob- 
tained in his experiments on gases he proposed that 
gases were made up of molecules in motion. This 
was the beginning of the Kinetic Molecular Theory. 





8 J. B. Conant. op. cit. 
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This explanation directed the experimentation of 
Charles, Gay-Lussac, Graham, and others greatly 
adding to our understanding of gaseous matter. 

The above discussion on the growth and devel- 
opment of a theory reveals two further distinct 
steps in the scientific method. They are deductions 
from the theory, and further experimentation and 
observation. These have been well summarized in 
the book cited by J. Bronowski. 


Documentation and Dissemination 


Progress in science can only be brought about by 
experts working together and in full communication 
with one another, without regard to barriers of 
language and distance. The nature of this scientific 
communication imposes conditions of accuracy and 
honesty. Scientists do not have time to repeat the 
experiments of another. They must be accepted 
without verification. The scientist, as a conse- 
quence, expects and demands reports of the utmost 
accuracy and completeness. Great responsibility 
rests on scientists of rank sufficient for their find- 
ings to be published. Their writings can have great 
influence on the work of other scientists. For this 
reason the reputation of authors is involved, for 
their writings may be scrutinized most critically by 
fellow workers. It is this network of communication 
for scientific ideas, combined with the fruitfulness 
of theories in stimulating new experimentation, 
which causes our understanding of natural phe- 
nomena ever to increase. 


Conclusion 


The purpose of this article is to answer the 
question, What About Science is Important to 
Teach? As previously stated it is the author’s 
opinion that the fundamental objective of any sci- 
ence course is to develop within the minds of stu- 
dents a broad understanding of how science func- 
tions. Reduced to simplest terms this is the scien- 
tific method. The cardinal principles discussed 
above are not thought of as being in any fixed order, 
nor do they prevent anyone from starting his scien- 
tific investigation at any level of this method. When 
based upon this objective it becomes of vital im- 
portance that the science offering be organized and 
centered around the curiosity of boys and girls. 
The “how” and “why” questions raised become the 
real problems upon which the members of the class 
apply the previously described concepts of scientific 
investigation. The learning situation is exciting 
and with most students a high degree of interest 
prevails. Factual information will also be acquired 
and in a manner which gives true understanding 
and long retention. 
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AN IGY 
12-MONTH 
REPORT 


The October issue of TST carried a report from the 
National Academy of Sciences’ International Geo- 
physical Year Committee covering results of upper 
atmosphere studies during the first 12 months of IGY. 
Here the Committee reports on IGY studies of the 
earth, its oceans, ice cover, and weather. 


IGY stupres have heavily underscored interre- 
lationships among the earth sciences. Investigat- 
ors in oceanography, glaciology, and meteorology 
find their studies must take each other’s findings 
into account; the IGY disciplines of gravity, seis- 
mology, and longitude-latitude also must be inte- 
grated in any truly comprehensive examination of 
our earth. 


Oceanography 


One of the most important objectives of IGY 
oceanographic work is to learn more about how 
the deep waters of the oceans circulate. This in- 
formation is significant in reaching a better under- 
standing of the effect of the oceans on climate, 
the more efficient utilization of the oceans as a 
source of food—perhaps even their safe use for 
the deposit of atomic wastes. 

Plumbing the Atlantic, IGY scientists already 
have discovered that far beneath the surface cur- 
rent known to all of us as the Gulf Stream flows 
a counter-current. This river in the sea moves in 
the opposite direction from the Gulf Stream. Some 
9000 feet below the surface, it travels southwest 
at the rate of eight miles a day. 

Another great counter-current, discovered three 
years ago, has been measured during an IGY 
cruise in the Pacific. Called the Cromwell Cur- 
rent after its discoverer, this huge stream moves 
about 1000 times as much water as the Mississippi 
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River. 


It flows west to east for 3500 miles, run- 
ning below and in the opposite direction from the 
Pacific Equatorial Current. 

Water samples taken from the Atlantic by re- 
searchers of Woods Hole Oceanographic Institu- 
tion have yielded the first adequate information 
concerning the distribution of organic and inor- 
ganic phosphorus in the sea. It has led them to 
believe that productivity in the open sea may be 
twice as great as previously estimated, a fact of 
importance in a world of increasing population. 

Exploration of the oceans during IGY has re- 
sulted in discovery of great new underwater moun- 
tain ranges. Since the oceans cover more than 70 
per cent of the earth’s surface, and only 2 per 
cent of the ocean bottom has been sounded, it is 
not surprising that these ranges have been un- 
known up to now. One found in the southeast 
Pacific is 1000 miles long and 200 miles wide. 
Another extensive ridge was located under the 
Arctic ice by US-IGY scientists on a drifting ice- 
floe, using gravity readings and seismic soundings. 

What may be the sharpest rise in height on 
earth was found during an IGY oceanographic 
cruise. A depth of 25,000 feet was discovered off 
the coast of South America, less than 100 miles 
from the top of the Andes mountains which tower 
23,000 feet above sea level. The total difference, 
from the floor of the ocean trench to the Andes 
peaks, is about twice the height of Mt. Everest. 
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Glaciology 


Closely related to the study of the oceans is 
the study of glaciology. In polar and other areas, 
some of the water evaporated from the oceans 
falls as snow and is compressed into ice by later 
layers of snow. Eventually, glacial ice may flow 
back into the oceans, affecting their temperature 
and circulation. 

The US-IGY glaciological program is the most 
comprehensive coordinated approach to the study 
of glaciers ever put into effect by scientists of 
this country. It includes observations in the Arc- 
tic—on floating ice islands in the Polar Sea, in 
Greenland, and in Alaska; in temperate areas such 
as the western United States; and on the great 
Antarctic ice sheet. 

These studies have helped to enlarge our knowl- 
edge of the world’s ice-covered areas, and in fact 
have revealed that the world’s largest—Antartica— 
contains nearly twice as much ice as had been 
suspected. In one place, ice thickness of over 
14,000 feet was detected by seismic soundings. 

The IGY effort in Antarctica has perforce been a 
combination of exploration and observation. To 
understand many of the natural phenomena of the 
continent, it was necessary to investigate the basic 
geography of its uncharted interior. Traverse par- 
ties covered more than 4000 miles discovering new 


‘mountain ranges, fresh water lakes containing 


abundant plant life, penguin tracks far from any 
known shore line, and a deep, sub-glacial trough 
which must be followed further to determine 
whether Antarctica is indeed one continent, or is 
separated into two or more islands. 

Glaciological work at fixed IGY stations in the 
Antarctic has included such pioneering activities 
as the recovery of intact ice cores from depths 
of more than 1000 feet. Successful completion of 
this delicate operation makes possible the develop- 
ment of weather information covering periods cen- 
turies before men kept such records, for the ice 
layers at the bottom of the drill holes were de- 
posited perhaps 2000 years ago. Their character 
and content yield clues to climate variations, wind 
circulation, and related phenomena. 

Solar radiation measurements during IGY have 
established that the Antarctic, although it is the 
sunniest place in the world during its midsummer, 
reflects up to 95 per cent of the sunlight it receives. 

Study of the ice at the opposite end of the 
world is of both scientific and immediate practical 
interest. An apparent continuing shrinkage of the 
ice could open the Arctic Ocean to navigation be- 
fore the end of the century. Yet at IGY Drifting 








Station A, during the last summer season, while 
12 inches of ice on the upper surface of the floe 
melted, 18 to 24 inches of new ice accumulated 
on its bottom. 

The IGY project at McCall Glacier in Alaska 
is the first direct scientific study of an Arctic al- 
pine glacier. With supplies dropped by air, camps 
have been established at 6000 and 8200-foot ele- 
vations. One finding is that all significant snow 
accumulation occurs during the summer months. 


Meteorology 


The IGY meteorological program has been pro- 
ducing results from pole to pole, but perhaps most 
significantly in the Arctic and Antarctic, where 
great gaps existed in knowledge of weather. 

Comparison of IGY observations at Little Amer- 
ica with those made in the area almost 50 years 
earlier by Amundsen show that temperatures in 
the Antarctic have warmed up about 5° F. Simi- 
lar observations in the Spitzbergen area indicate 
that Arctic temperatures have warmed up twice 
this amount. The possible effect of these warm- 
ing trends on the icecaps is one of the tie-ins be- 
tween meteorology and glaciology. 

A great variety of weather data was collected 
by the 11 nations operating IGY stations in Ant- 
arctica. This was analyzed by the meteorologists 
of several nations who cooperated in the work of 
the IGY Weather Central at Little America. A 
first product is a description of Antarctic circula- 
tion, compiled jointly by a Russian and an Argen- 
tine at Little America, and published by the U.S. 
National Academy of Sciences. This type of in- 
formation will be used in transpolar flights be- 
tween the continents of the southern hemisphere, 


Kainan Bay, Antarctica snow cave, formed by wind and move- 
ment of ice is data source on the stratigraphy and petrofabrics 
of ice and snow. 
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it’s perfectly simple! 


you really get results with 


CHEMISTRY IN ACTION, Third Edition 
(Rawlins and Struble). The thorough, up-to- 
date coverage of chemistry keeps students in- 
terested and on their toes. The many charts, 
diagrams, and illustrations are sparked with 
color for maximum effectiveness. The complete 
program includes Teacher’s Manual, Labora- 
tory Manual and Key, and Tests and Keys. 


Another suggestion for your lab—SEMI- 
MICRO LABORATORY EXERCISES IN 
HIGH SCHOOL CHEMISTRY, Second Edi- 
tion (Weisbruch)—the manual that’s in step 
with the trend toward streamlined lab opera- 
tions. 
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in studies of the effect of the Antarctic on world 
weather, and in gaining better understanding 
of the fundamental mechanisms which produce 
or change weather conditions. 

Certain chemical properties of the Antarctic at- 
mosphere, studied for the first time as a result of 
the IGY program, have led to a more complete 
picture of atmospheric circulation in general. Car- 
bon dioxide, for example, was found in the Ant- 
arctic in the same quantities as in rural areas of 
the United States. Products of nuclear fission in 
the Northern Hemisphere have been detected in 
the Southern Hemisphere. Ozone was found in 
the Antarctic in greater quantities during the sun- 
less winter than in the daylight months, even 
though it is believed to be created by solar ultra- 
violet radiation. All these factors point to a high 
degree of mixing in the atmosphere, and to at- 
mospheric circulation between Northern and South- 
ern Hemispheres, rather than independent systems 
as once believed. 

As part of an IGY pole-to-pole chain of sta- 
tions along the 80th meridian west, five upper-air 
sounding stations were established through coop- 
eration of the US Weather Bureau with the meteoro- 
logical services of Chile, Ecuador, and Peru. In 
addition to providing valuable research informa- 
tion on such matters as transport of heat, momen- 
tum, energy and water vapor, the data from these 
stations have proved of great practical importance 
in airline operations. One US airline operating 
in South America states that the network paid for 
itself in a single day, when it supplied informa- 
tion on a severe Argentine storm, enabling the 
company to take extraordinary precautions. 


Seismology 


Seismological work was undertaken during the 
IGY by 52 nations at 325 locations. U.S. pro- 
grams in this field ranged from Thule to the South 
Pole, from the Indian Ocean to the Andes. 

The first seismographic records of earthquake 
waves ever obtained in Antarctica now are being 
analyzed. The results will either confirm or modify 
records from the Pacific, on the borders of which 
the majority of earthquakes occur. They also will 
yield information on the structure of the Antarctic 
region itself at depths too great for manmade seis- 
mic explosions to be useful. 

In the Andes, a special type of seismic instru- 
ment developed at the California Institute of Tech- 
nology is being used under the IGY program. 
These “extensometers’’? measure three things: the 
accumulation of long-range strains; daily earth 
tidal movements; and ultra-long period seismic 
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OFFICIAL US NAVY PHOT 


Dr. Herfried Hoinkes of Austria, IGY meteorologist at Little 
America Station, examines rotating cup anemometers used to 
determine wind velocity. 


waves, including possible free vibrations of the 
earth excited by earthquakes. 

The long-range strain data, if accumulated over 
a sufficient period of time, might reveal enough 
about the strain pattern of a region to provide an 
ultimate basis for the prediction of earthquakes. 

The measurements of the tidal strain produced 
each day in the earth by the gravitational action 
of the sun and the moon provide information on 
the elastic and plastic properties of the earth’s 
outer crust, while the long-period waves yield in- 
formation concerning the mantle and core of the 
eart and mechanism of earthquake generation. 

A curious characteristic of earth tides—the lack, 
in certain places, of synchronization with water 
tides—is being checked on a round-the-world basis 
during IGY, as a possible clue to rigidity beneath 
the oceans and beneath the continents. Sensi- 
tive gravity meters have revealed, for example, 
that the two tides are in phase in Austin, Texas, 
but four hours apart on the West Coast. 

As part of the IGY seismic studies of conti- 
nental structure, an expedition to the Andes re- 
corded the waves sent through the mountains by 
blasts in the copper mines of Chile and Peru on 
the other side of the range. The scientists sought 
to test the theory that mountains float in the 
earth’s crust much as icebergs do in the sea; in 
other words, that great peaks above indicate a 
large mass below. 

They found, however, that larger peaks were 
not over thicker crust, and that waves even from 
50-ton explosions could not be recorded on the 
other side of the mountains. They concluded that 
the mountains might be supported by a fine net- 
work of roots going deep into the earth’s crust 
or even into its mantle and serving to absorb the 
explosion waves. 


(Continued on page 464) 
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AO Reports on Teaching with the Microscope 


An old box camera, some cardboard and model airplane cement ... or do-it-yourself photomicrography. 


Without question the microscope and 
the camera have a certain natural affinity 
for one another. Everyone, it seems, 
who has ever looked through a micro- 
scope and used a camera has had the 
desire to apy the one to the other and 
photograph the invisible detail revealed 
to his eye. 


American Opiical profits in a small way 
from this finity, manufacturing a truly 
excellent photomicrographic camera at 
a most reasonable price. Your request 
for the $300.00 plus required for one 
of these precise research instruments 
would get short shrift, however, from 
your school administrators. So, without 
fear of losing business, we can proceed 
to outline our little plan for a very rudi- 
mentary, do-it-yourself photomicro- 
graphic camera set-up that would be en- 
tirely adequate for preliminary student 
excursions into the art of photomicro- 
graphy. 


TAKE ANY OLD BOX CAMERA 


Our photomicrographic set-up will con- 
sist of an ordinary box camera for hold- 
ing the film and acardboard box arrange- 
ment for focusing. Any old clunker of 
a box camera will do... just make sure it 
has a setting for time exposure. 


CONSTRUCTING ADAPTERS: 


Construct two cardboard adapters, one 
inch high out of stiff cardboard (1/16” 
approx.) and model airplane cement 
(see fig. 1). Holes should be cut to fit 
snugly over microscope eyepiece. 











PROCEDURE FOR 
ADAPTING CAMERA: 


Remove lens from camera, (reflecting 
surfaces of the camera lens will produce 
glare, or “hot spots” on film). Tape one 
adapter to camera, ‘see fig. 1). Load cam- 
era with standard panchromatic roll 
film. 


PROCEDURE FOR CONSTRUCTING 
FOCUSING DEVICE: 


Construct eight inch high cardboard 
viewer by cementing three sides around 
second adapter (see fig. 2). After three 
sides are cemented, mount ground glass 
(ground side down) to cardboard shelf 
and then cement on fourth side. 


NOTE: Ground glass must be same dis- 
tance from face of adapter on viewer as 
film plane of camera is from face of its 
adapter (see fig. 2). 





SIDE OF VIEWER 
SIDE VIEW OF CAMERA 
WITH BACK REMOVED 
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PROCEDURE FOR TAKING 
PHOTOMICROGRAPHS: 


1. Focus specimen under microscope. 
Be certain that the field is brightly and 
evenly illuminated. Then place focusing 
device over the eyepiece and focus mi- 
croscope until image is as sharply de- 
fined as possible on the groun 


glass. 





2. Turn off substage illuminator, or in- 
terpose black, opaque paper between 
light source and pat call Replace fo- 
cusing device with camera. Set camera 
to time exposure and open shutter. 


3. Turn on substage illuminator or re- 
move black opaque paper... this will 
expose the film. After proper exposure, 
turn substage illuminator or reintro- 
duce black paper. Close shutter before 
removing camera. The camera shutter 
is used only to make the camera light- 
proof when it is not in use. Do not use 
shutter to expose film. The tripping of 
the shutter would create a tremor re- 
sulting in a blurred photograph. Also, 
be careful not to set up any other vibra- 
tions that will shake camera during ex- 
posure. 

This do-it-yourself photomicrographic 
set-up is very convenient and very ade- 
quate. It’s always ready and no elaborate 
adjustments are necessary. 


NOTE: The following notes on micro- 
scopes, illumination and exposure are 
offered as guides. 


Fig. 3 





A. MICROSCOPE: The microscope 
should be equipped with achromatic 
objectives and preferably, though not 
essential, an iris diaphragm and con- 
denser. The AO Spencer 66 series student 
wpe provides just the ticket... 
its rugged, dependable and has the same 
mechanical and optical precision found 
in laboratory microscopes. If your lab 
already has number 66’s you're all set to 
go ahead with your camera set-up. If not, 
you may want some information. Just 
write to American Optical Company, 
Instrument Division, Dept. L95, Buffalo 
15, N. Y., and ask for brochure SBTI. 


B. ILLUMINATION: A substage at- 
tached illuminator will guarantee the 
evenly illuminated field necessary for 
good photographs...the negative will 
show up uneveness even where the eye 
will fail to notice it. Here, we are using 
the AO Spencer 66B Microscope equip- 
ped with the low-cost 616 attachable 
substage illuminator. 


Cc. EXPOSURE: Exposure is a matter of 
experience. If you use the microscope- 
illuminator set described above, you can 
use the following informationas a guide. 
The Photomicrograph (see fig. 3), was 
taken at 100X magnification (10X eye- 
piece, 10X objective) with three second 
exposure using Kodak Verichrome Pan 
film. Our trials showed that one to three 
second exposures yielded good results. 
For other magnifications you can use 
the following rule of dunk as a guide. 


1. 430X magnification (10X eyepiece, 
43X objective). Expose 4 times as 
long as 100X. 

2. 970X magnification (10X eyepiece, 
97X oil immersion objective). Ex- 
pose 2 times as long as 430X. 





SCIENCE TEACHERS! $25 For Your Experi- 
ment. We will pay $25.00 for each experi- 
ment involving either laboratory or stereo- 
scopic microscopes accepted by us for future 
ads like this one. We’re looking for unusual 
experiments suitable for the high school 
and junior college level. In the event of simi- 
lar experiments the one bearing the earliest 
postmark will be used. See your name in 
print . . . write in now! 





American Optical Company 


Instrument Division * Buffalo 15, New York 


Visual Oxidation-Reduction Reactions 


By J. B. KELLEY 


Department of Education, Louisiana State University, Baton Rouge 


MOUNTAINS OF ABSTRACTIONS must be climbed or 
removed if students are to be successful in high 
school chemistry or the first year course of college 
chemistry. Teachers, too, find some mountain 
climbing necessary to change the abstract to real 
and concrete experiences for students. 


The following experimental activities were de- 
veloped to help students “see” oxidation-reduction 
reactions in a first semester college course, but they 
are quite adaptable to high school instruction. The 
experiments were successfully performed by several 
hundred college students under five instructors over 
a period of six semesters. The color changes of the 
reacting solutions and the formation of insoluble 
compounds resulting from tests of the products of 
the oxidation process and the reduction process are 
distinct and reliable. 


For the convenience of instruction the experiment 
is organized in three parts: I—Preliminary Tests, 
II—Oxidation and Some Oxidizing Agents, and III 
—Reduction and Some Reducing Agents. Instruc- 
tors may well use the suggested preliminary tests 
apart from the experiment when advisable. How- 
ever, students should review these tests before try- 
ing the remainder of the experiment. This material 
may be found in most standard qualitative analysis 
textbooks. However, few high school teachers have 
access to such books, and fewer teachers of the 
first year college course will use their time to 
organize such experimental activities. 

As a follow-up of the experiment, drill techniques 
may be employed in writing half-cell reactions, 
complete ionic equations, and to predict reactions 
from oxidation-reduction potentials. The reactions 
may be used for identification of oxidizing agent 
and reducing agents, and to determine the effect of 
one agent on the other. 


THE EXPERIMENT: OXIDATION-REDUCTION 
REACTIONS 
Part |. Preliminary Tests 


Ferrous and Ferric Ions in Solutions 


a. Prepare a fresh solution of ferrous sulfate by 
dissolving approximately one gram of the salt in 
25-30 ml of distilled water. 


b. To 1-2 ml of the ferrous sulfate solution add 2-3 
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drops of .5 M solution of ammonium thiocyanate 
(NH,)SCN. Do not shake the solutions and note 
the results. Shake the mixture vigorously and 
note the results. 


. To 1-2 ml of .5 M solution of ferric chloride add 


2-3 drops of the ammonium thiocyanate solution. 
Do not shake the solutions and note the results. 
Shake the mixture and note the results. 


lodine and Bromine in Solutions 


. To 5-6 drops of iodine water add approximately 


1 ml of carbon tetrachloride. Shake the mixture 
vigorously and note the color of the iodine in the 
carbon tetrachloride layer. 


. To 5-6 drops of bromine water add approxi- 


mately 1 ml of carbon tetrachloride. Shake the 
mixture vigorously and note the color of the 
bromine in the tetrachloride layer. 


Sulfur and Sulfate Ions in Solutions 


. To about 10-12 drops of a .5 M solution of 


sodium sulfide add 8-10 drops of 6 N nitric acid. 
Warm the mixture cautiously. The off-white to 
yellow suspension in the mixture is collodial or 
suspended sulfur. 


. To 1 ml of any sulfate solution add 3-4 drops 


of any barium solution slowly down the side of 
the tube. The white ring is suspended barium 
sulfate. Shake the mixture vigorously and note 
the precipitate formed. 


Nitrate Ions in Solutions 


. To 10-12 drops of .5 M solution of potassium 


nitrate solution add an equal volume of the 
freshly prepared ferrous sulfate solution. Incline 
the test tube and pour slowly down the side of 
the tube 10-12 drops of concentrated sulfuric 
acid. A brown ring of FeNO-SO, between the 
layers of solutions indicates the presence of the 
nitrate ions in solution. 


. If the above test is not suitable for the nitrate 


tests in this experiment, one may infer if the 
oxidizing agent used is reduced, the nitrite ion 
of the experimental solution would be oxidized to 
a nitrate ion. 


Manganous and Chromic Ions in Solutions 


. Note the color of the manganous ion in solution. 


This may be seen as a solution of manganous 
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ERECTronic TRAINING SYSTEM 
Teaches Electricity and Electronics 


FASTER, EASIER, WITH MORE FLEXIBILITY 


IN USE IN OVER 500 SCHOOLS AND COLLEGES 
TEACHING BASIC ELECTRICITY 


Teaches basic electricity in half the time! 
Perfect teacher-demonstrating, student- 
training system. Develops concepts of all 
principles of series, parallel and _series- 
parallel circuits. Students build and rebuild 
with simple plug-in mounted parts and Jiffy 
connectors. L-200W (left) makes ideal in- 
dependent pupil station system. Contains 
panel, sockets, switches, cord, connectors, 
ammeter, voltmeter, instruction manual. 
$29.95, in rugged wooden case. 











TEACHING BASIC ELECTRONICS 


Students learn electronic circuitry without 
soldering. Training systems include kits 
that build transmitters, receivers, amplifiers, 
oscillators, geiger counters. Parts used over 
and over! Templates, included for all cir- 
cuits of basic kits, are positive working 
guides. Designed for both classroom de- 
monstration and laboratory use, minimum 
supervision time required. All kits are com- 
plete—no further parts needed. Parts tested 
for thousands of use-hours! 





The Erec-Tronic System was developed by a teacher to speed learning of electricity and 
electronics without the need for soldering and other tools. Now in use in hundreds of 
industrial art courses, science classes and colleges. Special teaching systems available, as 
well as full research and development systems. 


Write for literature! 


SCIENCE ELECTRONICS, INC. 


195 Massachusetts Avenue, Cambridge 39, Mass. 
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nitrate. The pale color will not be detected in 
any colored solutions. Usually in acid solutions 
the permanganate ion will be reduced to a 
manganous ion. 


. The crystalline solid or a solution of chromic 


chloride or nitrate will show the color of the 
chromic ion. This color characteristic will be 
noted in the reduction of the dichromate ion in 
an acid solution. 


Part Il. Oxidation and Some Oxidizing Agents 


a. 


To 2-3 ml of freshly prepared ferrous sulfate 
solution add 2-3 drops of phosphoric acid to 
acidify the solution. Then add slowly 2-3 drops 
of .5 M potassium permanganate solution, 
K(MnO,). Shake the mixture after adding each 
drop. Note the fading color of the permanganate 
solution. The permanganate ion, (MnO,)~, has 
been reduced to the manganous ion, Mn+ *. Test 
the mixture for the ferric ion, Fe+*+*. 


. Repeat “a,” using .5 M solution of potassium di- 


chromate, K.(Cr.O;), as the oxidizing agent 
in place of the potassium permanganate solu- 
tion. The dichromate ion, (Cr.O;)=, has been 
reduced in acid solution to chromic ions, 2 
Cr*+*~*, is indicated by the green colored solu- 
tion. Carefully test for the ferric ion, Fe* ** 
Repeat “a,” (do not acidify) using as oxidizing 
agents (1) iodine water, (2) bromine water, (3) 
chlorine water. Test a portion of each solution 
for the halide ion and the other portion for the 
ferric ion. 


Part Ill. Reduction and Some Reducing Agents 


a. To 2-3 ml each of .1 M solutions of sodium sul- 


fide, Na.S, and of sodium sulfite, Na.(SO,), add 
1-2 drops of phosphoric acid. Then add slowly 
3-4 drops of the potassium permanganate solu- 
tion. Shake the mixture and note the change in 
color of the permanganate solution. Check the 
mixture which contained the sulfide ion, S=, 
for its oxidation product of sulfur. Test the 
solution which contained the sulfite ion, (SO,) 
for its oxidation product, the sulfate ion, 
(SO,) <— 


. To 1-2 ml of .1 M solution of potassium nitrite, 


K(NO.), add 1-2 drops of phosphoric acid. 
Slowly add 2-5 drops of the potassium perman- 
ganate solution. Shake the mixture, note the 
fading of the permanganate color, then test for 
the nitrate ion, (NO,)>. 


c. To 1-2 ml each of .1 M solutions of potassium 


iodide, KI, and of potassium bromide, KBr, add 
1-2 drops of phosphoric acid. Slowly add 4-5 
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drops of the potassium permanganate solution. 
Note the reduction of the permanganate ion. 
Test each mixture for the halogens, iodine and 
bromine. 

Repeat ‘“‘a,” “b,” and “c,” using .5 M solution 
of potassium dichromate, K.,(Cr.O;), as the 
oxidizing agent. Note color changes of the 
solution containing the oxidizing agent and make 
test for the oxidation products. 
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From Research to Classroom Laboratory... 
DETERMINATION OF HALF-LIFE 








A Teacher-Pupil Activity for Science Grades 7-12 








T. HANDLEY DIEHL 
Central High School, Cincinnati, Ohio 


Background 


1 fame Taft Sanitary Engineering Center has been 

concerned over the problem of air pollution as 
well as many other aspects of environmental health. 
In addition to the study and research programs at 
the center, an active training program is in progress 
for those who work in the field, and who will be 
directly associated with many of these problems. 
It is felt that the real meaning of half-life could 
not be understood by those in the training program 
without some direct experience. Short-lived iso- 
topes are expensive and it is difficult to obtain them 
at a needed time. Mr. C. Don Geilker, who is in- 
volved with the training program, devised a method 
whereby the ever-present short-lived isotopes are 
used from the air for the experimentation-demon- 
stration work done by the trainees. The apparatus 
runs approximately 4 hours prior to a laboratory 
period. In this way a sufficient quantity of short- 
lived radionuclides may be collected. 

Several types of sampling equipment are avail- 
able commercially. Some members of the science 
staff in the Cincinnati Public Schools have experi- 
mented with the use of a vacuum sweeper and 
filter paper to collect the samples with some degree 
of success. 


Statement of the Problem 


To acquaint the student with a_ laboratory 
method of determining the half-life of a radio- 
nuclide obtained from the air. 


Equipment 


Vacuum sweeper 

Filter paper 

Geiger-Muller tube and scaler 
Lid from mayonnaise jar 
Semi-log paper 


Procedure 
1. Place a filter paper in the hose of a vacuum 
sweeper so that the air coming in must be filtered 
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and 


C. DON GEILKER 


Radiological Training Activities, Robert A. Taft Sanitary 
Engineering Center 


before reaching the fan. (Sampling equipment may 
be obtained from companies listed.) 

2. Draw air through the filter for approximately 
4 hours. Best results will be obtained by sampling 
in a basement or other underground area with re- 
stricted ventilation. 

3. Remove the filter paper from the sweeper 
and trim off the edge which did not collect any 
dirt. (Avoid touching the dirt on the paper.) 

4. Place the sample thus collected in the lid of 
a mayonnaise jar and suspend over it either an 
end-window or side-window Geiger-Muller tube. 

5. Record the counts per minute on a data sheet. 

6. Repeat the count at 5 minute intervals. 

7. Mark the horizontal axis of the semi-log graph 
paper in time units, beginning with the hour of 
preparation of the sample. 

8. Plot the counts per minute, after subtracting 


Kasha Berger Checks and Orvil Salyers Records Count per minute 
on Data Sheet. Teachers observing: Robert Anderson and 
Max Coyle. 
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background, on the log (vertical) axis of the graph 
paper, at the correct “clock time” of the count on 
the horizontal axis. 

9. After six points have been plotted, connect 
with a straight line, and determine the half-life 
from the graph. (Fig. 1.) 
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Figure 1. Half-Life Determination 


(A background count for the instrument should 
be taken before running this experiment.) 


Suggestions for Further Study 


Dr. L. R. Setter of the Taft Sanitary Engineering 
Center has suggested placing cheese cloth in ver- 
tical and horizontal positions and permitting it to 
collect radionuclides from the air. Dr. Setter thinks 
there may be detectable difference in the activity 
from collecting samples in the two positions with 
a preferential of the vertical position collecting the 
greater amount of activity. If this approach is 
attempted, the cheese cloth would have to be 
charred before being counted so that the activity 
would be more concentrated for recording. 

The authors would like to acknowledge the 
assistance of Robert Anderson and Max Coyle, 
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science teachers, Woodward High School. These 
teachers recently completed a course in “Atomic 
Radiation in Science” taught by Mr. T. Handley 
Diehl in connection with the University of Cin- 
cinnati program. 


Sources of Sampling Equipment 


Gast Manufacturing Corp., Benton Harbor, Michigan 
Air Samplers and other equipment 

Ralph M. Parsons Co., 617 South Olive, Los Angeles, 
California Air Samplers and Pumps 

Mine Safety Appliance Co., 201 N. Braddock, Pitts- 
burgh, Pennsylvania Hand Operated “Samplair”’ 
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ABERRATIONS IN DISCUSSIONS 
OF NEWTONS LAWS 


By L. W. PHILLIPS 


Department of Physics, University of Buffalo, New York 


PART ONE 


i¢ requires no more than cursory inspection of 
high school physics textbooks to make one aware 
of the tremendous amount of time and energy that 
must have gone into their prepartion—into organi- 
zation of subject matter, assembly of illustrative 
material, production of diagrams, preparation of 
questions and exercises, and into carefully worded 
statements and descriptions. Despite all the care 
taken, inaccuracies and misstatements do creep in— 
sometimes “new” errors, sometimes “‘old’’ ones that 
have been propagated from one generation of text- 
books to the next, and of such long standing that 
successive generations of teachers and textbook writ- 
ers now accept them without the thought ever aris- 
ing that they might be subject to question. 
Perhaps it will be thought indecent to question 
some of them now. On the other hand, the fact 
must be faced that the student sometimes draws 
inferences from textbook statements that would 
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never occur to the teacher—inferences which, unless 
soon eradicated, become “fixed misunderstandings,” 
lying around in the back of his mind and effectively 
blocking the acquisition of a correct understanding 
later on, sometimes quite far afield from the area 
in which the block developed. A student may have 
difficulty in understanding a particular principle 
because, sometime in the past, he acquired an in- 
correct idea which contradicts it. Maybe the in- 
correct idea is only a vague one—maybe he can’t 
exactly put his finger on it himself—but it’s there, 
and it confuses him. Such misconceptions are even 
more difficult—in many cases impossible—for a 
teacher to ferret out and eliminate. For example, 
the student who misunderstands the meaning of 
“unbalanced force” when he first hears of it—usu- 
ally in connection with Newton’s Laws of Motion— 
is going to be plagued forever after whenever an un- 
balanced force is involved. An incorrect under- 
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standing of the “reaction” forces of Newton’s Third 
Law is an even greater burden. Of course there is 
no way to insure that no student will ever get an 
incorrect idea firmly fixed in his mind; the best 
one can do, perhaps, is to make every possible effort 
to eliminate incorrect statements and statements 
which, though correct as they stand, give the stu- 
dent liberty to draw an incorrect inference. 

There seems to be general agreement among text- 
book writers that Newton’s Laws of Motion are of 
sufficient importance to deserve careful treatment, 
usually fairly early in the physics course. Not al- 
ways are the statements of the laws, nor the ex- 
amples chosen to illustrate them, as clean-cut as 
they might be. This is mot intended as a preface 
to an edict, ““Newton’s Laws must be stated this 
way.” It is not being suggested that there is any 
one way to state Newton’s Laws. It is suggested, 
though, that there are some statements in print 
that do not say what Newton intended the laws to 
say, and that there are some illustrative examples 
cited which lead to misunderstanding rather than 
to understanding of the laws. It is further sug- 
gested that high school teachers should be aware 
of the “aberrations” and should take some pains 
to nullify or eradicate false impressions created. 

This article is not intended to be merely a com- 
pendium of quotations of “bad physics,” but the 
quotations are here because they serve to point up 
‘the problem that high school teachers face, and be- 
cause they facilitate discussion which it is hoped 
will help to clarify what seem to be at present some 
not-very-well-understood points. 


The First Law 


Most textbooks state the first law, “An object 
at rest remains at rest, and an object in motion . . 
etc” but one finds in several of the currently-popu- 
lar books a variant of the statement which is mis- 
leading—a variant in which the word “tends” ap- 
pears, so that the law comes out essentially thus: 

“An object at rest tends to remain at rest, and an 
object in motion tends to remain in motion at con- 
stant speed and in a straight line, unless it is acted 
upon by an unbalanced force.” 


Phrased in this way, the statement implies that 
once an unbalanced force is applied, the “tendency 
of an object to maintain its state of motion” (that 
is, the body’s inertia) disappears. This, of course, 
is not true. The tendency of a body to maintain 
its state of motion remains even when, not unless, 
it is acted upon by an unbalanced force. Replacing 
the words “tends to remain” by the single word 
“remains” will make the statement correct. 
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Normally, following the statement of the first 
law one finds a description of some familiar ex- 
amples, and a discussion in which the words “‘iner- 
tia’ and “mass” appear—sometimes only one of 
them (usually “inertia”), sometimes both, and 
when both words are used, there is usually an at- 
tempt to tie the two concepts (two concepts?) to- 
gether, but a very definite reluctance to say that 
“mass” and “inertia” are the same thing. One 
finds mass defined without any reference to inertia: 


(a) “The mass of a body is the quantity of matter in 
it.” “. .. mass, which is the amount of matter 
contained in a body.” 

(b) “Mass refers to the quantity of material in an 
object, or the condensation of its molecules 
Some forms of matter have greater mass than 
others, for the molecules are closer together. In 
general, solids have greater mass than liquids, and 
liquids have greater mass than gases.” 


or one finds some admissions that mass and inertia 
have “some connection” with one another: 


(c) “Inertia determines mass.” 
(d) “A measure which clearly interprets inertia is 
mass.” 


(e) “Inertia, like weight, depends greatly upon mass.” 


or the clear implication that mass and inertia are 
two entirely different things, when, in a tabulation 
of the properties of matter, one finds two headings: 
(f{) “Mass a Second Property of Matter” and “Inertia 

a Fifth Property of Matter.” 


Statement (a) is not at all uncommon, despite 
the blind alley into which it leads. If this is to be 
the definition of mass, then one is bound to explain 
what “quantity of matter” means and how it is 
to be measured, and one soon gets trapped into 
defining quantity of matter (i.e., mass) as the 
product of volume and density, and into thereafter 
defining density as mass per unit volume—a vicious" 
circle from which there is no escape. The second 
part of statement (b) appears to make “‘mass”’ and 
“density” synonymous. One can make the state- 
ment that, in general, solids have greater density 
than liquids, and liquids greater density than gases, 
but certainly the volumes of the materials involved 
must be specified before one can make the same 
statement about their respective masses. 

Statements (c), (d) and (e) assert a connection 
between mass and inertia, but one detects a dis- 
tinct reluctance on the part of the writer to be so 
bold as to say that they are the same thing ; and the 
headings in (f) clearly say that they aren’t. 

Is there really any necessity for this circumlocu- 
tion—mass “interprets” inertia, or inertia “deter- 
mines’ mass? Inertia is a convenient word to use 


445 

















@ The MODERN Electrostatic Generator 


THE CAMBOSCO GENATRON serves not only for classical experiments 
in static electricity, but also for new and dramatic demonstrations that are not 
It exemplifies a modern method of building 
up the tremendously high voltages required for atomic fission, for nuclear re- 


performable by any other means. 


search, and for radiation therapy. 


Entirely self-exciting the GENATRON cracks into action at the snap of the 
switch—whose only function is that of starting the motor drive. 


chargin 


observers. 


An Output of 250,000 Volts—or More! 


THE CAMBOSCO GENATRON is designed to deliver, in normal operation, 
a discharge of the order of 250,000 volts. That figure, a conservative rating, 
is based on many trials conducted under average conditions. 


ditions, a potential difference of 400,000 volts has been achieved. 


, Sturdy con- 
Modern Design — struction and 
ever-dependable erformance  distin- 


guish the GENATRON from all elec- 
trostatic devices hitherto available for 
em = ig eed work in Physics. This 

powerful, — -potential source, reflect- 
a the benefits of extensive experience 
in electrostatic engineering, has abso- 
lutely nothing but purpose in common 
with the old-fashioned static machine! 


NO FRAGILE PARTS—Durability was a 
prime consideration in the design of the 
GENATRON which, with the exception 
of insulating members, is constructed 
entirely of metal. 


The only part subject to deteriora- 
tion is the charge-carrying belt, which 
is readily replaceable. 


NO TRANSFER BODIES—In all conven- 
tional influence machines, whether of 
Holtz or Wimshurst type, electrical 
charges are collected and conveyed 
(from er plates to Rat so ae yb 
a system of “transfer 
bodies have always wth ce “a. of 
metal brushes, rods, button disks or 
segments—each of which, inevitably, 
rmits leakage of the very charge it 
is intended to carry, and thereby 
sharply limits the maximum output 
voltage. 


It is a distinguishing difference of the 
= that electrical charges, 
conveyed | a meena es material, 
are established directly upon the dis- 
charge terminal. The attainable volt- 
age accordingly depends only upon the 
geometry of that terminal and the di- 
electric strength of the medium by 
which it is surrounded. 


No auxiliary 
method is employed. Hence, despite an output measured in hun- 
dreds of thousands of volts, no hazard is involved, for the operator or for the 


With ideal con- 








Unique Features of the 
CamboscO Genatron 


eeennee Charges accumulate on, and dis- 


charge takes place from, the 
outer surface of a polished metal “‘sphere’’—or, 
more accurately, an oblate spheroid 
The upper hemisphere is flattened at the pole 
to afford a horizontal support for such static 
accessories as must be insulated from ground. 
A built-in jack, at the center of that horizontal 
area, accepts a standard banana plug. Connec- 
tions may thus be made to accessories located 
at a distance from the GENATRON. 


CHARGE- To = terminal, charges are 
conveyed by an endless band 
i. ee of pure, live latex—a CamboscO 
development which has none of 
the shortcomings inherent in a belt with an 
overlap joint. 


wee So ge 
often require a ‘spa 

whose width can be varied without inmebiiicing 

either of the operator's hands. 

That problem is ingeniously solved in the 
GENATRON, by mounting the discharge ball 
on a flexible shaft, which maintains any shape 
into which it is bent. Thus the discharge ball 
may be positioned at any desired distance (over 
4 -- cateamee range) from the discharge ter- 
minal. 


High voltage 


BASE...AND ‘Stability is assured by the 
DRIVING —, cast — base— 

where eep sockets are pro- 
MECHANISM vided for the flexible shaft 


which carries the discharge ball, and for the 
lucite cylinder which supports, and insulates, 
the discharge terminal. 

he flat, top surface of the base, (electrically 
speaking), represents the ground plane. Actual 
connection to ground is made through a con- 
veniently located Jack-in-Head Binding Post. 
The base of the Genatron encloses, and elec- 
trically shields, the entire driving mechanism. 


PRINCIPAL 


The overall height of the 
DIMENSIONS GENATRON is 31 in. Diam- 


eters of Discharge Ball and Terminal are, 
respectively, 3 in. and 10 in. The base 
measures 5% x 7 x 14 in. 








CAMBOSCO SCIENTIFIC COMPANY 


37 ANTWERP ST. °@ 


BRIGHTON STATION @ 


BOSTON, MASS. 





GENATRON, WITH MOTOR DRIVE 
Operates on 110-volt A.C. or 110-volt D.C. 
Includes: Lm may 7 Terminal, Lucite 

Insulating Cylinder, Latex Charge- Carry- 

ing Belt, Discharge Ball with Flexible 

Shaft, Accessory and Ground Jacks, Cast 

Metal Base with built-in Motor Drive, 

Connecting Cord, Plug Switch, and Oper- 

ating Instructions. 

No. 61-705 $98.75 








GENATRON, WITH SPEED CONTROL 
Includes (in —- to equipment item- 


ized under No. 61-705) built-in Rheostat, 
for demonstrations requiring less than 
maximum output. 

No. 61-708 _. $109.00 





No. 61-710 Endless Belt. Of pure latex. For 
replacement in No. 61-705 or No. 61-708 $3.00 
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in discussing the tendency of an object to maintain 
its state of motion, but once the “inertia-property”’ 
has been discussed, can’t one introduce the word 
“mass” as just another name for it? And is there 
any objection to driving the identity home by using 
the words interchangeably thereafter; at times 
speaking of, say, an object with a “mass of 5 
pounds”’ as one which has “an inertia of 5 pounds’’? 
Almost all books take some pains to point out 
that a moving object, subjected to no resisting force, 
continues naturally in its state of motion—that it 
does not require a force to keep it going. This is 
not something that a student accepts readily; he 
has to be convinced of it. Textbooks do a pretty 
good job of making the first law seem completely 
reasonable, but then doesn’t an author reveal a cer- 
tain lack of conviction when he says 
“If one leaps from a rapidly moving car, he is 
likely to fall in the direction in which the car was 
moving because inertia pushes his body forward.” 
or, 
“A train picks up water, because the inertia of the 
water forces it up into the tender.” 


Inertia does not push the leaper; to maintain his 
state of motion requires no push; until he makes 
contact with the ground nothing (except the air 
through which he moves) pushes on him. He falls 
because, when his feet finally do touch the ground, 
the ground pushes them backward. And inertia does 
not force the water up into the tender; the force 
to do that is supplied by the scoop. 


The Second Law 


There are almost as many versions of the second 
law as there are textbooks, some relating force to 
the time rate of change of momentum, some relat- 
ing force to both mass and acceleration, and some 
presenting the law as a relation between force and 
acceleration, mass being ignored. How an author 
chooses to state the second law is usually consistent 
with the general level of the rest of the book. The 
points to be considered here are not concerned 
particularly with the statement of the second law 
(though the second law is certainly incomplete 
if inertia is ignored) but are concerned with some 
of the associated discussion—in particular with 
what is said about “external” or “unbalanced”’ force, 
and with what is said, usually along with discussion 
of the second law, about “mass and weight.” 

More than a few students get the idea that by 
“the unbalanced force’ acting on an object one 
means “the largest” of the forces acting on it—that 
given a set of forces, one gets the unbalanced force 
by picking out of the set the biggest one, and that 
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the direction of the unbalanced force is the direction 

of this “biggest” force. This certainly seems to 

be implied by a paragraph such as this: 
‘What do we mean by an unbalanced force? If we 
have two forces of 10 pounds pulling against one an- 
other, as in an absolutely equal tug of war, each 
force balances the other and there is no motion to 
either side. But if one force is changed to 20 
pounds, this force, being greater than the other, is 
not balanced by it. Hence motion takes place in 
the direction of the greater (or “unbalanced”’) 
force.” 


It is quite true that in this case the motion does 
take place in the direction of the greater force, but 
the “unbalanced”’ force is not, as the parenthetical 
note implies, synonymous with the greater force. 
The unbalanced force is the sum (vectorially) of 
the two forces—that is, the resultant of the two 
forces. What the above paragraph implies is said 
more specifically in another text: 

“The acceleration of any body is directly propor- 
tional to, and in the direction of, the greater un- 
balanced force acting on it.” 
Even if one never considers any but parallel forces, 
what one means by the “resultant” of a set of forces 
must be made clear, and the “unbalanced force” 
of the second law clearly identified with this result- 
ant force, not the biggest of individual forces. 

Sometimes it is in some earlier section, sometimes 
in connection with discussion of the second law, 
that the “weight” of an object is defined—as the 
‘pull of the earth” or the “gravitational attraction” 
of the earth on the object. Although this definition 
seems to be straightforward enough, one finds state- 
ments that imply that the situation is really much 
more complicated than this: 


“Weight depends on two things, the earth’s attrac- 
tion for the object, and the quantity of mass. . .” 


True, the weight of an object does depend on its 
mass, but it does not “depend on” the earth’s at- 
traction; it is that. Further, if one speaks of “the 
quantity of mass an object contains,” isn’t there 
a danger of creating the impression that mass is 
something like sugar or sand, that can be poured 
into or poured out of an object, its mass at any one 
time depending on how much happens to have been 
poured in or poured out at that particular moment? 
And another statement: 

“Everywhere on the earth’s surface there is an un- 

balanced force which pulls objects downward toward 

the earth’s center. Newton called this force which 

the earth exerts on all objects the force of gravity. 

When acting on objects, the force of gravity is 

called weight.” 

(Continued on page 468) 
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“(GENERATIONS FROM NOW we may be measured 
by the guidance and leadership which we are pro- 
viding for the budding scientists who now sit in 
our classrooms. Boys and girls both are 
curious and their curiosity must be satisfied. Here 
is where our generation meets the test; either we 
lead and guide them along the safest path pos- 
sible or they will move out on their own. We 
must channel their energies in directions which will 
produce positive results by which they can measure 
their progress and we must so constrain them that 
they will not get hurt. Through it all we must 
never let them think that we are holding them 
back. If we do, we will throttle their curiosity 
and will lose the progress which they are sure to 
attain as their interest increases.” 

The above quotations from the banquet address 
of Colonel H. L. Sanders, Fort Sill, keynoted the 
philosophy of the only week-long short course on 
amateur rocketry so far reported. Many rocketry 
courses are now being offered either as intensive 
short courses or as weekly lectures aimed at those 
scientists, civic and governmental leaders who are 
moving into this rapidly developing field. This 
one short course however given at the University 
of Oklahoma in August 1958 represents the only 
known effort to pitch instruction to teachers and 
associated community leaders faced with the prob- 
lem of helping the youth of our country learn about 
a subject in which many of them are intensely in- 


Teachers Houghtaling, Buzbee, Jones and Coogan place rocket 
on launcher as Captain Harris directs. 


US ARMY PHOTO 


The Science Involved in Rocketry 


(Describing a Short Course for Teachers and Sponsors) 


By H. H. BLISS 


University of Oklahoma, Norman 


terested. Some students were admitted to the 
course on a trial basis and the mixed class of stu- 
dents and teachers proved to be quite successful. 
Ten persons received tuition scholarships through 
a grant from the Boeing Airplane Company. 

Colonel Sanders, Director, Department of Mate- 
riel, U.S. Army Artillery and Missile School, Fort 
Sill, Oklahoma, stated clearly the basis for coop- 
eration between military establishments and civil- 
ian groups. Briefly, civilian direction in the re- 
search and development of amateur rockets can be 
carried out in any location up to the point of load- 
ing (fueling) the rocket. The military establish- 
ments having adequate range facilities can assist 
in the remainder of the rocket program by super- 
vising the propellant loading and launching. 

The problem for civilians then becomes one of 
assuring the military that adequate planning, pref- 
erably with some pre-test of components, has been 
carried out before the rocket is brought to the 
military establishment, so that the actual firing may 
be as beneficial as possible. 

The University’s course of instruction was able 
to utilize this experience at Fort Sill after obtain- 
ing approval of the Commanding General, Major 
General Thomas E. de Shazo. The exceptional ex- 
perience in training military units to handle mis- 
siles made an invaluable contribution to the plan- 
ning of the special course by Colonel Sanders and 
three of his officers, Captain Judd T. Harris, Jr., 
Captain Luke A. Vavra, and Captain Robert J. 
Ellison. Other members of the planning commit- 
tee, Bruce V. Ketcham, Chairman of the School of 
Aeronautical Engineering, and Luther E. Lewis, Jr., 
a classroom teacher at Southeast Junior-Senior High 
School, Oklahoma City, added school and college 
teaching experience. Professor Ketcham pointed 
up the basic relationship of missiles and rockets 
to aeronautical engineering. Mr. Lewis’ experience 
included sponsorship of the Oklahoma City Rocket 
Research Society and coordination of student groups 
from twenty affiliated high schools in the area. 

The course started with a lecture on the his- 
tory of rocketry by Captain Ellison. It might be 
noted that Goddard’s proposals for the use of 
rockets illustrates the determination of an indi- 
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vidual to establish facts and relationships in spite 
of great odds. It was possible to show that while 
the foresight of a pioneer is often discounted by 
his contemporaries, ultimately it proves him to 
have been an invaluable worker. 

Professor Ketcham discussed the principles of 
propulsion, pointing out that an engine produces 
thrust by ejecting particles at extremely high veloc- 
ities. Terminology such as thrust and specific 
impulse were defined in this lecture. 

Special lectures were given by Professor L. A. 
Comp of the School of Aeronautical Engineering 
and Mr. John Keller, chemical engineer in the solid 
fuels section of the Research and Development of 
Phillips Petroleum Company. Mr. Keller outlined 
the different types of propellants (fuels and oxi- 
dizers) and defined a number of the properties 
and safety considerations used in the development 
of propellants. Inasmuch as Oklahoma amateur 
practice has settled on the zinc-sulfur combination 
as a propellant until more adequate propellant test 
facilities can be developed, Mr. Keller discussed 
some of its special properties. 

Captains Vavra, Harris and Ellison used the 
basic design of an amateur zinc-sulfur rocket as a 
typical engineering design problem. The mathe- 
matical calculations leading to the selection of ma- 
terials, nozzle and chamber dimensions and other 
factors were presented. The mathematics used was 
held to the level of algebra, plane geometry, and 
trigonometry as much as possible. Review prep- 
aration for the design problems was conducted in 
an optional evening session on mathematics. 

The highlight of the week was an all day trip 
to Fort Sill to fire rockets evolved from the class- 
room design problems and to see a number of 
student rockets fired. Also, prior to going to the 
range, the class was shown teaching facilities at the 
Artillery and Missiles School. The firing at the 
range was conducted as a typical amateur shoot. 
About fifty military personnel were on duty with 
assignments such as first aid crew, fire fighting 
detail, explosive demolitions squad, radar crews and 
safety officers. Mixing of the powdered propel- 
lants, the weighing of components, and the assem- 
bly, mounting on the launcher; and actual firing 
of the rockets from the control bunker were all 
participated in or observed by the class. Obser- 
vations were made from observation slits in rein- 
forced concrete bunkers on the artillery range. 
Artillery counter mortar radar followed the flights 
and provided performance data on the rockets 
within about five minutes after firing. A demon- 
stration was conducted in the handling of misfires 
and two rockets were constructed to explode on 


December 1958 













































US ARMY PHOTO ” 

University of Texas rocketeers line up the tracking system to 

pick up signals from the nose cone transmitter of their experi- 
mental rocket. 
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firing. These failures pointed up the importance 
of proper design and dramatically illustrated the 
danger to unprotected property and personnel. All 
rockets adhering to the design criteria discussed 
in previous classes were successful and attained 
altitudes ranging from five to seven thousand feet. 
The firings provided data for class use the follow- 
ing day in a lesson on the analysis of test results 
and indicated redesign. 

Mr. Lewis held two seminar sessions of special 
importance to teachers. One, on the curricular use 
of rocketry, emphasized the motivational values for 
students in regular high school courses, particu- 
larly algebra, geometry, trigonometry, physics, and 
chemistry. In the other, on the extra-curricular 
use of rocketry, he suggested that emphasis be 
placed on the organization of clubs for research 
and training practice. Students can specialize in 
some phase of rocketry when working as a team 
with others of like interests. Such organization 
also gives good experience in the coordination of 
efforts through team work such as is involved in 
professional rocketry. Mr. Lewis’ extensive experi- 
ence formed a very valuable part of the course, 
bringing the subject down to cases for teachers by ° 
showing them how to use available information in 
classroom and club situations. 

Materials used and/or produced especially for 
this short course included student-built rockets, 
mimeograph lecture notes for most of the session, 
recovered rockets including some that had ex- 
ploded, and a booklet, “A Guide to Amateur Rock- 
etry.” This latter booklet, available by writing 
the Commanding General, Fort Sill, Oklahoma, 
served as the basic text for the design portions 
of the course. 

In evaluation, teachers and students were nearly 
unanimous in crediting the course for developing 
their own insights and giving them sufficient back- 
ground for using rocketry in developing motivat- 
ing activities for their students, both in and out- 
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Rockets of various designs ready for launching. 


side the classroom. Students reported having a 
better respect for learning the fundamentals of sci- 
ence and mathematics. Undoubtedly, dividing re- 
sponsibility by assigning loading and launching 
supervision to the military establishments, reas- 
sured teachers that reasonable safety could be main- 
tained. The course also demonstrated that stu- 
dents and teachers could learn together without 
embarrassing each other. The presentation of the 
rocket design problems in which different factors 
were dealt with separately and then combined into 
a vehicle for testing, analysis and redesign illus- 
trated a typical engineering job. This helped 


clarify the nature of engineering work, something 
often cited as poorly understood by teachers and 
students alike. And finally, safety was empha- 
sized throughout and thoroughly demonstrated on 
the artillery range. 

What are the next steps in this development? 
Fort Sill will continue to hold launchings at approxi- 
mately one-month intervals. Arrangements are 
made directly with the Commanding General. Aero- 
nautical Engineering majors at the University are 
probing the possible functioning of their student 
chapter of the American Rocket Society in an as- 
sisting program. A static test stand is being built 
on which different design factors can be tested 
without launching, so a pre-flight service can soon 
be offered to the students of the area. The 
School of Aeronautical Engineering is exploring the 
possibility of a credit college course for their ma- 
jors. It is quite possible that the teachers’ short 
course will be re-offered in June 1959 perhaps with 
an optional second week advanced course to follow. 
An adaptation of the basic course to correspond- 
ence study to make the experience available else- 
where will be ready soon. And finally, the group 
asked for some mechanism for the distribution 
of information, probably in newsletter form that 
they might keep in touch with one another. 





Astronomy Study 


Aids 



















globe. 





Trippensee Planetarium. 
device shows the relative position and motion of the Sun, Earth, 
Moon, and planet Venus. 
earth, and annual revolution around the Sun, day and night, 
change of seasons, and the mechanics of eclipses. 
orrery-type device and not a projection planetarium. 
of brass with chain drive gears. 
height 16”. 


Celestial-Terrestrial Globe. 
outside celestial globe in which is mounted a brightly-colored terrestrial 
Star globe has names of stars and constellations and contains a 
unique sun pointer. Terrestrial globe has names of countries and oceans 
and is mounted on a rotating axis. 
many earth-sky-sun relationships and to simplify basic concepts in 
astronomy and geography. 
mounted in cradle base. 
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A SCIENCE-ECONOMICS WORKSHOP 


By CHARLES BREEDLOVE 
Detroit, Michigan Public Schools 


LeVAN SHUGART 


Palo Alto, California Public Schools 


A ScrENcE-EcONOMICS WorRKSHOP was held at 
Sarah Lawrence College, Bronxville, New York from 
August 2 to 22. This national workshop was under 
the joint sponsorship of the National Science Teach- 
er’s Association, the National Council for the So- 
cial Studies, and the Joint Council on Economic 
Education. 

Thirty-three teams, each consisting of a science 
teacher and a social studies teacher, were invited 
from thirty-three school districts in fifteen differ- 
ent states. This group, under the guidance of a fine 
staff, spent the three weeks making a study of 
“The Impact of Contemporary Scientific and Tech- 
nological Developments upon Our Economy.” 

More than twenty visiting lecturers gave lectures 
‘and worked in small group meetings. The five 
areas of applied science chosen for study were 
Energy, Health, Automation, Space, and Food. 
Each topic was introduced by a scientist in a for- 
mal lecture which was followed by a question pe- 
riod at both the committee level and before the 
entire workshop. Each of these presentations was 
followed by a lecture by an economist on the eco- 
nomic and/or social impact on society. 

On days following the formal lectures, the work- 
shop was separated into five groups representing the 
various geographical areas that participated in the 
conference. Group discussions centered on the 
implications for curriculum and instruction, in both 
science and social studies, of the information and 
concepts presented in the lectures. The groups 
also considered means of effecting desirable changes 
in these two areas. Following this, the individual 
school teams drew up specific ideas for devising an 
effective program in their own schools. 

It was agreed that science teachers will include 
new social and economic concepts related to their 
work in their courses, and that the social studies 
teachers will incorporate new scientific develop- 
ments as they affect their areas of study. Many 
areas of cooperation were found in which the team- 
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ALDEN SMITH 


Greenwich, Connecticut Public Schools 


mates might serve as consultants to each other dur- 
ing the ensuing year. Some of the teams will be 
teaching common groups of students and are plan- 
ning very close coordination. Numerous other 
devices were suggested by means of which other 
teams may cooperate. 

Two of the plans which are to be placed in opera- 
tion next year are described briefly below. 

The Palo Alto team of Lois Walsh and LeVan 
Shugart will be working with the same group of 
thirty students in successive class periods. Their 
aims are to help the students realize that learning 
does not stop at the arbitrary lines established by 
course titles such as United States History and 
Advanced Biology. These teachers hope that the 
students will recognize an interdependence between 
their subject areas as well as between other subject 
areas based on related and overlapping concepts. 


This they hope to accomplish in the following 
manner. The scientific approach to problem solv- 
ing will be introduced in both classes at the same 
time. This will be followed by an historical ap- 
proach to the background of both areas. From this 
beginning, with similarities between two subjects,- 
each teacher plans to make cross references to basic 
concepts in his colleague’s field. Basic concepts, 
terms, skills, and attitudes which they believe to be 
essential to this program have been identified by the 
teammates. The successive periods will facilitate 
the common use of community resources such as 
speakers, field trips, and other projects which re- 
quire an extended period of time. The students will 
be doing joint work with credit for both. 

Each teacher will evaluate the student’s advance- 
ment in his area as usual and the team will evaluate 
the “bridging advancement” that the students dem- 
onstrate relative to the aims set forth above. One 
device that now they have agreed to use is an ex- 
tensive problem involving the efficient use of renew- 
able resources and funds available from various 
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sources for use in solving the problems facing a 
flooded area. This will test the student’s ability 
to recognize, analyze, propose, and support a solu- 
tion to these problems. The team plans to keep an 
annotated record of the results of their efforts. 


The Detroit team of Charles Breedlove and Carl 
Wheaton will be cooperating in the areas of chemis- 
try and economics. They will have no common 
students, but plan to make use of joint committees, 
exchange of teachers, reports, joint field trips, edu- 
cational films, and student demonstrations. Since 
Michigan’s economy is largely based on the iron 
and steel industry, it was thought that they had an 
excellent opportunity to coordinate their work in the 
fields of metallurgy and production in heavy in- 
dustry. Certain implications due to cheaper meth- 
ods of processing of non-ferrous metals and the 
dwindling supply of high-grade iron ore in the 
Mesabi Range of Michigan and Minnesota will be 
stressed. The importance of the St. Lawrence Sea- 
way and the new mines in Labrador will not be 
overlooked. They feel that the rather large drug 
industry in Michigan offers another excellent op- 
portunity for study by students in the chemistry 
and economics classes. 


During the last two days of the workshop a care- 
fully planned evaluation was carried out by a spe- 
cial committee. A careful tabulation of the find- 
ings of this committee seemed to point out the 
value of future workshops in this area, and the need 
for a follow-up study by members of the 1958 work- 
shop. A system for sharing of experiences by mem- 
bers includes a newsletter, which will be collected 
and edited by a committee, regional conferences 
during the coming year, and visits to the various 
schools by staff members. The evaluation report 
seemed to indicate that a large portion of the mem- 
bers felt it was their duty to disseminate informa- 
tion about this type of cooperation between the 
science and social studies departments to other mem- 
bers of their own schools and, where possible, to 
teachers in the other schools in the system by es- 
tablished channels of communication. 

Some of the general underlying concepts that grew 
out of the conference were these: 


® that learning cannot be compartmentalized 
any more than one’s life can be divided into various 
sections ; 


® that scientists and science teachers must rec- 
ognize their responsibility to other disciplines; 


> that all must accept social responsibility for 
the economic and social consequences of the use that 
is made of the products of science and technology. 
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Pied Piper of Science 
By Aylesa Forsee 
Illustrated by Winifred Lubell 


Louis Agassiz was born in 1807, son of the Protestant 


pastor of a small Swiss town. By the time he was fifteen 
years old his heart and mind were fixed on a career as 
naturalist and writer, but the family income was too limited 
to provide the necessary training. The unflagging ardor 
and firmness of purpose with which he surmounte1 this 
difficulty was to bring him to brilliant success not only in 
fulfilling his original ambition, but in becoming as well 
physician, geologist, lecturer, museum curator, and— 
perhaps most important—teacher. H. S. age-up. $4.00 


SATELLITE OF THE SUN 
By Athelstan Spilhaus 
Ilustrated with Photographs 


This introduction to the physics of the earth, by the Dean 
of the Institute of Technology at the University of Minne- 
sota, deals with “the bulk of the earth from the rocky 
substance on the surface right down to the hot liquid 
metal center,” with the water on our planet’s surface, and 
the atmosphere beyond. It includes such subjects as 
meteors and meteorites; airglow; cosmic rays; the earth’s 
origin, size, and shape; the landscape at the bottom of 
the ocean; how the two ends of the earth differ; and 
why the poles are important. H. S. age-up. $3.50 


e 
AN ADVENTURE 


IN ASTRONOMY 


By Kenneth Hever 
IIlustrated with Photographs 


Written by a former lecturer in astronomy at the American 
Museum-Hayden Planetarium, this book describes the 
heavens as they appear from strategic places around the 
world—New York City; Helsinki, Finland; Longyear City, 
West Spitsbergen; the North Pole; the South Pole; Wel- 
lington, New Zealand; and Quito, Ecuador. Constella- 
tions unfamilar to us—Crux, the Southern Cross, for 
example, and Musca, the Fly—are clearly defined, and 
excellent photographs supplement the accounts of such 
wonders as the zodiacal light, the aurora borealis, and the 
midnight sun. H. S. age-up. $3.50 
. 
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SIX FULL HOURS 


Tune of Sixteen Tons 


Some people say a teacher is made out of steel, 
Their mind can think but their body can’t feel. 
Iron and steel and hickory tea, 
Frowns and gripes from nine to three. 
-) 
You teach six full hours and what do you get? 
Another day older and deeper in debt. 
You pay your debts and for this and that, 
Then for 29 days your billfold’s flat. 


he 


I was born one morning when it was cloudy and cool. 
Picked up my lesson plans and headed for school. 
I wrote 35 names on the homeroom roll 
And the Principal said, ‘““Well, bless my soul.” 


Pe 
NN 


You teach six full hours and what do you get? 
Gray hair, circles, dirt, and sweat. 

I got stepped-on toes and can hardly walk; 
When I turn my back, then comes the chalk. 


* 


I got 35 kids and 29 seats; 
Twenty are talking while 15 sleep. 
I can hardly get ’em all through the door, 
And if I don’t watch out they'll send me some 
more. 
p 
The last bell rings and I start for the door; 
My head’s a-ringing and my feet are sore. 
I taught six full hours, my day is made; 
But I still have 90 papers to grade. 


J 


You teach six full hours and what do you get? 
Another day older and deeper in debt. 

I'll go to St. Peter, but I just can’t stay— 
I gotta come back for the P. T. A.! !! 


GERALD MALLMANN 
Fox Valley Lutheran High School 
Appleton, Wisconsin 


P. S.: You know, of course, that this couldn’t 
happen to a science teacher because of the. subject 
matter in which he deals. 
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Lyle W. Ashby, assistant 
executive secretary for edu- 
cational services, has been 


named deputy executive sec- 
retary of the National Educa- 
tion Association. Dr. Ash- 
by has been with NEA since 
1928, and will assume his 
new post on January 1. A 
native of Guide Rock, Ne- 
braska, Dr. Ashby attended 
public schools there and re- 
ceived his A.B. degree at 
Hastings College, Hastings, 
Nebr.; his master’s degree from American University 
in Washington, D. C.; his doctorate from Teachers Col- 
lege, Columbia University; and also received an honor- 
ary LL.D. from Hastings College. 

Dr. Ashby has an active professional background in 
educational services having served as liaison for 26 NEA 
departments; directed regional instructional conferences 
in many state areas, and planning NEA convention pro- 
grams. NSTA offers congratulations to the new op- 
pointee, and commends NEA on the selection. 
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LEADING SCHOOLS ADOPT 


BASIC PHYSICS 


by Dr. Alexander Efron, Stuyvesant High School, N. Y. C. 


This enriched course in ye physics for high school and 
junior college students has been econies by school after school 
waere:' teaching standards are of the highest level. Here are just 
a ew 


Glendale Unified School District, Glendale, Calif.; Madera Union High 
School, Madera, Calif.; Midland School, Los Olivos, Calif.; San Leandro 
Unified School District, San Leandro, Calif.; Sequoia Union High School 
District, Redwood City, Calif.; Yuba city Union High School, Yuba, Calif. ; 
Milford High School, .; E. O. Smith High School, Storrs, 
Conn.; Suffield Academy, Suffield, Conn.; Palm Beach Jr. College, Lake 
Worth, Fla.; Pompano Beach High School, Pompano Beach, Fila. ; 
Broward High School, Hollywood, Fla.; Community High School, Wes, 
Chicago, Ill.; Monmouth High School, Monmouth, Ill.; Francis W. Parker 
School, Chicago, Ill.; West High School, Rockford, Ill.; Elkhart High 
School, Elkhart, Indiana; Ames Community School District, Ames, Iowa; 
Hebron Academy, Hebron, Maine; Friends School, Baltimore, Maryland; 
Braintree High School, Braintree, Mass.; Longmeadow High School, Long- 
meadow, Mass.; Mendon High School, Mendon, Mass.; Milton Academy, 
Milton, Mass.; Nobel and Greenough School, Dedham, Mast.; Roxbury 
Latin School, Roxbury, Mass.; Detroit County Day School, Birmingham, 
Mich.; Michigan Lutheran Seminary, Saginaw, Mich.; Adams Consolidated 
School, Adams, Minn.; School District of Webster Groves, issouri ; 

Hun School, Princeton, New Jersey; St. Michael's College, Sante Fe, New 
Mexico; Board of Education, Saugerties, New York; s- a I a School, 
Syracuse, New York: Davis High School, Mt. Vernon, New Yi Fieldston 
School, New York City; Forest Hills High School, Forest Hills, New York ; 
Fulton High School, Fulton, New York; Andrew Jackson High School. 
Cambria Heights, New York; New York Trade School, New York City; 
The Nichols School, Buffalo, New York: Peekskill Military Academy, 
Peekskill, New York; Julia Richman High School, New York City; 
Stuyvesant High School, New York City; Cleveland Heights City School 


District, Cleveland Heights, Ohio; Urbana High School, Urbana, Ohio; 
School District of Bethlehem, Pennsylvania; Shadey Side Academy, Pitts- 
burgh, Pennsylvania; St. Mary’s Hall, San Antonio, Texas; Greendale 
School, Greendale, Wisconsin; Sacred Heart Seminary, Oneida, Wisconsin. 
#195, 2 vols. in single cloth binding, 724 pps., 
800 illustrations, $7.60 list. 
Order your review copies. School discounts apply. 
FREE INFORMATIVE 16-PAGE BOOKLET “YOU CAN 


MAKE THE TEACHING OF PHYSICS EXCITING” 


John F. Rider Publisher, Inc. $T-12 
116 West 14th Street, New York 11, N. Y. 
In Canada: Charles W. Pointon, Ltd., 6 Alcina Ave., Toronto, Ontario 
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Concerning Ninth-Year Biology 


By PHILIP GOLDSTEIN 
Chairman, Department of Biology, Abraham Lincoln High School, Brooklyn, New York 


This article or letter-style essay carries, perhaps, an 
important caution to those who would hastily and 
drastically redesign the science curriculum by arm- 
chair quarterback procedures. This | say on general 
principles and not in terms of pro or con on 9th- or 
10th-grade for beginning biology. NSTA, inciden- 
tally, has taken no official position thus far in various 
debates centering on grade-placement of courses. 

Editor 


FOR many years, biology has been considered to be 
best placed in the tenth year of the science se- 
quence, followed by chemistry and physics in years 
11 and 12. Suddenly there is a great deal being 
said about moving biology down into the ninth 
year, in order to make room for more advanced 
electives in the twelfth year. It is becoming in- 
creasingly apparent that this idea is being fostered 
and pushed in certain quarters over the objections 
of many science teachers. Therefore, I should like 
to get my oar into this controversy before it goes 
much further. 

But before I say my piece, I should like to make 
clear that I am no Johnny-come-lately to the field 
of science teaching. Nor am I a college teacher 
with little or no contact with what goes on in high 
school science teaching. I have spent the best 27 
years of my life teaching biology and other sciences 
to assorted high school pupils in four New York 
City high schools (including six years at the Bronx 
High School of Science). In addition I have done 
a little college teaching on the side. For the last 
nine years, I have been chairman of the Biology 
Department at Abraham Lincoln High School in 
Brooklyn, N. Y. I am the author of two books 
which are used in many high school science classes, 
as well as an assortment of workbooks, articles, 
syllabi, etc., in the field of science teaching. One 
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of my articles was awarded a first prize in the 
Science Teachers Award Program of NSTA several 
years ago, and on two other occasions I have been 
awarded honorable mentions. 

And now that I have given my credentials, I hope 
that I have established my status as an expert wit- 
ness. Therefore, I now feel ready to present my 
testimony. I would like to recount the events 
which led up to my being an unsuspecting pioneer 
in the movement for ninth-year biology, and then 
to draw some conclusions from my experience. 


How | Became a Pioneer 


Some time ago, my principal invited the two sci- 
ence chairmen of the school to meet with him on 
the question of what we could do for our outstand- 
ing science-minded students. He was interested in 
developing a super-duper science program for a 
small group of special students who would get more 
than just the usual four-year science sequence con- 
sisting of general science, biology, chemistry, and 
physics. After we had kicked various thoughts 
around for a while, I finally proposed a plan which 
met with the approval of the principal, the physi- 
cal science chairman, the administrative assistant, 
the program committee, and powers that be. 

Essentially the problem was one of program space. 
We already had plans for a course in experimental 
biology, another in laboratory techniques, one in 
college physics, and even a shop course for these 
special pupils. The big problem was how to squeeze 
them into an already loaded program which our 
bright pupils carry. My solution was simple. I 
urged that for these selected pupils who were going 
to take all the high school sciences anyway, we 
could very well omit the general science in the ninth 
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year and start them right off with biology. Then 
we could follow this up with chemistry plus experi- 
mental biology and shop in the tenth year, physics 
in the eleventh year, and that would leave the 
twelfth year open for college physics, laboratory 
techniques, or any other science electives that we 
could devise. And so, in all innocence, I became a 
pioneer in the ninth-year biology movement. 

Of course these were bright pupils—hand picked. 
Every last one of them was highly recommended 
by previous teachers. Each applicant for the course 
had a high I1.Q., a good reading score, a good 
arithmetic score, and a high standing on the Iowa 
tests, so there was little question about basic abil- 
ity. On top of this we called meetings of the appli- 
cants for the course and their parents to explain 
that this was to be a difficul. course which would 
require lots of work. And into the class finally 
went only pupils who wanted to become a part of 
this program, and whose parents agreed. 

But then something else happened, which had no 
relationship to this special program, but which in 
retrospect takes on great importance. It was sheer 
accident, but whe . my teaching program was made 
up, not only did it carry this special ninth-year 
biology class, but also one of our regular tenth-year 
honor classes in biology. This class was also made 
up of bright students, but these were tenth-year 
students. So by the sheerest of accidents, a con- 
‘ trolled experiment was set up. Here were two 
parallel classes made up of selected students, both 
being taught the same material by the same teacher, 
and both being tested at the end of the year by the 
same statewide Regents Examination. There was 
only one difference between the two classes. One 
class consisted of ninth-year pupils, while the other 
consisted of tenth-year pupils, so that there was an 
average age difference of one year. 


What Happened 


I had no idea at the time that I would want to 
compare ninth- and tenth-year biology. Therefore 
I kept no records to compare reactions of these two 
classes. However, certain subjective conclusions 
forced themselves upon me. These I will state later 
on in the article. But results on the New York 
State Regents Examination are a matter of record, 
and I can look back at this objective record and 
make comparisons. So, let us examine the Regents 
results of these two classes, keeping in mind that 
they both learned the same material under the 
guidance of the same experienced teacher (namely 
me), and that they both took exactly the same ex- 
amination under exactly the same conditions. 
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To begin with, let us take a look at the distribu- 
tion of the grades scored on the regents examina- 
tion by the members of the two groups under 
consideration. These figures are presented in Fig- 
ure 1 below. 


DISTRIBUTION OF MARKS ON N.Y.S. REGENTS EXAMINATION 
IN BIOLOGY—JUNE 1958 

Mark on the 

Regents | Bd ete 


Examination | 
| 





Number Receiving This Mark 


9th year class 10th year class 


100 0 1 2.6% 
95-99 6 18.8% 17 44.7% 
90-94 6 18.8% 11 29.0% 
85-89 9 28.1% 5 13.2% 
80-84 2 6.3% 2 5.3% 
75-79 4 12.5% 2 5.3% 
70-74 0 
65-69 4 12.5% 

35-39 1 3.4% 
Total 32 100.1% 38 100.1% 
Mean | 84.7 93.0 

Figure 1 


Without recourse to any detailed statistical anal- 
ysis it seems immediately evident that the 10th- 
year group did far better on this examination than 
did the 9th-year group. Just one look at the dis- 
tribution curves of the two groups (Figure 2) will 
show this clearly. (Note that in the 9th-year curve, 
the case which fell between 35 and 39 has been 
omitted since it is so far off the curve that it is 
abnormal.) Since the number of students in the 
two groups is not equal, the curves are plotted in 
terms of per cent of the group getting a given mark 
on the regents examination. . 

Now consider the means of the two groups. The 
ninth-year group had an average score of 84.7 while 
the tenth-year group averaged 93.0. This gives 
us an average difference of 8.3 per cent in favor 
of the tenth-year group. Is this a true difference, 
or is it due to chance alone? To test this, we cal- 
culated the standard error of the difference and 
found it to be 2.4. The ratio of difference to stand- 
ard error of the difference (8.3/2.4) is equal to 
3.46. By reference to the appropriate probability 
table we can see that in so far as our groups are 
representative, and in so far as our test is valid, 
this is a true and reliable difference between ninth- 
and tenth-year groups. There is only one chance 
in 3600 that a difference in favor of a ninth-year 
group will turn up if this experiment is repeated. 
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EXPLORING BIOLOGY: 


THE SCIENCE OF LIVING THINGS 
if you are examining biology texts. 


In Harcourt, Brace parlance, “S.O.R.” 
means “Send on Request.” In educa- 
tional parlance, “Exploring Biology: 
The Science of Living Things” means 
a bold and timely response to the in- 
creasing demand for exactness and 
comprehensiveness in science educa- 
tion. 


To be published early in 1959, this 
greatly expanded and _ strengthened 
new edition of Ella Thea Smith’s 
Exploring Biology is designed specifi- 
cally for the standard high-school 


biology course. 


If you are considering new biology 
texts, be sure you are on our “S.O.R.” 
advance list. And also be sure you 
have our pre-publication “blueprint” 
of the new Exploring Biology. 


HARCOURT, BRACE AND COMPANY Text PR Dept. 
750 Third Avenue New York 17, N.Y: 


Please send (check either box or both boxes): 


[] examination copy of Exploring Biology 
C) pre-publication “blueprint” 


Name 





Position 





School Grade 





Address 





Zone 


City 





State 
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SCORE ON THE NEW YORK STATE 
REGENTS EXAMINATION IN BIOLOGY—JUNE 1958 


Figure 2 


Next, compare if you will, the per cent of ninth- 
and tenth-year students that stand in the top half 
of the total group. Calculation shows the median 
score to be 91.6 per cent. By reference to figure 3, 
you can see at once that of the ninth-year group, 
only 10 students out of 32 (31.3 per cent) scored 
higher than the median score of the whole group. 
But in the tenth-year group 25 out of 38 (65.8 per 
cent) of the students stood above this median score. 
Thus more than twice as many tenth-year students 
are in the top 50 per cent of the group than ninth- 
year students. If we consider the top third of the 
total group the ratio is even higher in favor of the 
tenth-year students. 

Observe just one more fact. About 15.6 per cent 
of the ninth-year group scored lower marks on the 
test than any one in the tenth-year group. This can 
be seen by referring back to Figure 1. All in all, 
from whatever angle these results are examined, 
there seems to be a significant advantage for the 
tenth-year biology student over the ninth-year one. 


IN THE 9th-YEAR GROUP ONLY 10/32 OF THE PUPILS (31.3%) 
SCORED ABOVE THE MEDIAN OF THE TOTAL GROUP. 

BUT IN THE 10th-YEAR GROUP 25/38 OF THE PUPILS (65.8%) 
SCORED ABOVE THE MEDIAN OF THE TOTAL GROUP. 
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My Interpretation 


I will grant immediately that this accidental 
experiment includes but a small number of cases. 
It needs repetition with larger numbers, and on a 
planned basis rather than as an accident. Still, 
the results are so surprisingly startling that they 
cannot be brushed off and overlooked. Frankly, 
as the marking of the June 1958 regents examination 
was completed, and as I first began to record the 
grades, I was horrified at the poor showing made 
by my selected ninth-year class. Their achieve- 
ment on this test seemed far below the standards 
I have become accustomed to expect from honors 
classes. But a little mature reflection showed me 
that I should not have been so surprised. There were 
indications right along that everything was not as 
good as it should be. There were danger signals 
many times during the term—poor grasp of theoreti- 
cal concepts, unsatisfactory approach to individual 
and group reports, and other such things. But I 
just wasn’t looking for these danger signals. 

I have reached the conclusion that although there 
is only one year difference chronologically between 
ninth-year and tenth-year students, the gulf which 
actually separates them is tremendous. The dif- 
ference in maturity is much greater than the year 
difference in age. A boy or girl fresh out of ele- 
mentary school at the age of 12 or 13 (and our 
bright pupils do reach ninth year at this age) is 
still figuratively a baby. But by the time he has 
spent a year in high school, he has grown tremen- 
dously—he has developed from a child into a teen- 
ager, with a completely new outlook and understand- 
ing. That year of maturation, experience, and 
growth makes all the difference in the world. 

So, when I applied the same teaching techniques 
and procedures to this class that I have always 
used with honors classes, they were not really ready. 
They had not yet reached the state of maturity 
necessary for this approach to a subject. They were 
no more prepared for it than are our high school 
seniors when they suddenly change to college fresh- 
men and face still another approach to learning. 
College teachers of freshmen will appreciate this. 

Still, despite this lack of readiness, this special 
group was not so bad when the work was of a fac- 
tual nature. They could learn names or structures. 
Perhaps they had to work a little harder than the 
tenth-year students, but they could do it. They 
began, however, to show definite signs of weakness 
when we began to deal with more theoretical mat- 
ters such as genetics, eugenics, and evolution. In 
theoretical concepts they could not hold a candle 
to the tenth-year students. Their discussions of 
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these things revealed immediately that they were 
far less mature than necessary to appreciate and 
understand what was beneath the surface in these 
subjects. 


Conclusion 


So, having been an innocent and unwitting pio- 
neer in the move to push biology into the ninth 
year, I am forced to conclude that it is not such a 
good idea. I do not think that high school fresh- 
men are mature enough to study biology—at least 
not the biology we teach today in New York City. 

Oh yes, I could write a course of study for ninth- 
year biology. But there would be so much that I 
would have to leave out! I remember very dis- 
tinctly the days before general science became a 
constant. We used to teach two years of biology— 
elementary biology in the ninth year and advanced 
biology in the tenth year. Our elementary biology 
was a very interesting and popular course. But 
what a difference from the advanced course. There 
were few theoretical concepts in the elementary 
course, because it was assumed, and rightly so, that 
these students were not yet ready for high level 
concepts. All of these were reserved for the ad- 
vanced biology course. 

Should we today go back to the old elementary 
type of course which is suitable for ninth-year 
students? I should hope not. I would oppose this 
move with all the power at my command. I con- 
ceive of such a move as a retrogressive step of the 
worst kind. Certainly it is not for the greatest 
benefit of our science-minded students. I cannot 
conceive of a student with a well-rounded science 
education who has never learned a little about how 
he inherits traits and passes them on to his children. 
Nor can I picture a well educated person who does 
not have some understanding of the concept of 
evolution, or of the unity of all races of mankind. 
And this would be the inevitable outcome of a re- 
turn to ninth-year biology of the kind we once 
taught. Ninth-year students are just not ripe for 
these concepts. 

And just one parting remark—for those who are 
pushing the idea. Remember, just as tenth-year 
biology is not suitable for ninth-year students, so 
eleventh-year chemistry or physics is not suitable 
for tenth-year students. That one year of differ- 
ence in experience will still be there. The result 
will be that the physical sciences will also have to 
omit many of the important theoretical concepts 
if they are to be successful with tenth-year stu- 
dents. And will this achieve the aim which is in 
theory the motive behind the move towards de- 
moting biology? 
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Rebuilding the Science Program 


Extending the Science Curriculum 


By SUMNER T. SCOTT 
Mankato, Minnesota High School 


This report was an entry in the 1957-58 STAR (Science 
Teacher Achievement Recognition) awards program 
conducted by NSTA, sponsored by the National 
Cancer Institute, U. S. Public Health Service. 


hee intent of this paper is to show how senior high 
school science teachers can extend their efforts (1) 
to include the elementary level, and (2) to apply 
science education successfully at the adult level. 


The Elementary Level 


Over a period of time it was realized that in our 
school system’ great opportunities existed to ex- 
tend the teaching of science at the elementary level 
if grade school teachers were given help and en- 
couragement. Consequently, the elementary super- 
visor was approached with an offer of help and 
advice in the form of laboratory science lesson 
plans and a science apparatus kit. This idea was 
enthusiastically received. 

The next step was to develop the lesson plans 
with regard to content and presentation. The les- 
son plan itself was aimed at the teacher in the belief 
that she was better qualified to present the mate- 
rial in accordance with accepted methods in ele- 
mentary education. 

The lesson plans, then, were designed to serve 
as resource material for the teacher. Furthermore, 
an effort was made to produce lesson plans that 
would be comprehensive enough to be applicable, 
at least in part, to all elementary grades. 

Each lesson plan was developed in the following 
manner: (1) title, (2) objectives, (3) materials, 
(4) discussion, including ideas and concepts to be 
developed, suggestions by which main ideas could 
be developed and the procedure for demonstrating 
the laboratory apparatus, and (5) applications. 

The science kit itself included the necessary 
equipment to develop each lesson plan. The box 
for the kit was made according to specifications by 
the vocational department of Mankato High School 
as a Class project. Physically, it resembles a suit- 
case with a handle for easy transportation and clasps 
to secure it. It rests on its side and opens like a 

1 The public school system, District 71, of Mankato, Minnesota, and 


surrounding areas, consists of one high school, three junior high schools, 
and six elementary schools. 
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book. It has shelves on the inside to hold the 
various pieces of apparatus. 

Resource material in the form of excellent science 
texts and references is commercially available and 
should certainly be used. It is believed, however, 
that the lesson plans and equipment designed to be 
used together and readily available will encourage 
the teaching of science in the elementary grades. 

A meeting was held with the teachers of the school 
in which the lesson plans and kit were placed. The 
purpose of these devices was explained and the sci- 
ence equipment was demonstrated. The teachers 
planned to use these materials not only with the 
idea of teaching science but with a view to improv- 
ing and expanding the content. 

From the writer’s experiences it would seem that 
with the right approach, senior high school science 
teachers can do a great deal to aid science in the 
elementary grades when the problem is attacked 
with an air of mutual effort and cooperation between 
teachers at the senior high and elementary levels. 


The Adult Level 


In science education at the adult level two things 
must be demonstrated before interest will be 
aroused. They are need and application. 

The opportunity to extend science education to 
an area in which adults would be interested came 
about in the following manner. An invitation was 
extended to the writer to attend the Minnesota 


Kit assembled by physics teacher of Mankato, Minnesota High 
School. 
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Kit made by vocational department of high school for Washington 
Elementary school. 


Department of Civil Defense Radiological Instruc- 
tors’ School for a three-day training period. 

Upon returning from this school a letter was sent 
to the local civil defense director with the offer of 
cooperation in any way he deemed necessary. It 
was his desire that all the police and fire depart- 
ment personnel (56 men in all) be trained in the 
use of radiological instruments and their applica- 
tion to radiological monitoring and surveying. 

Since that time three ten-hour courses have been 
completed during vacation and evening periods. 
The instructor had in custody sufficient Geiger 
counters, survey meters, dosimeters, chargers, and 
radioactive sources to make the course realistic. 

Included in the course were instrument familiari- 
zation, basic vocabulary, instrument calibration, 
graphical methods of computing radiation dose and 
dose rate, hazards of a nuclear blast, radiological 
monitoring techniques, and talks by local and area 
civil defense officials. Handout material contain- 
ing the above was prepared and distributed to all 
persons participating. 

Police and fire department personnel are well 
aware of how they will be affected by a radiological 
hazard. They will be called upon to use techniques 
learned in the classroom and during exercises. This 
produced interested classes that are eager for future 
refresher training periods because they see the need 
for this type of operation and realize how they will 
be involved. 

Future plans include training of the local Civil 
Air Patrol Squadron and a civilian monitoring 
team unit. 

As a final statement it can safely be said that if 
a high school science teacher desires to expand into 
other levels of science education, there are two mini- 
mum requirements: one, the exercise of imagination 
to produce ideas for ways to exnand: tw. exnendi- 
ture of energy and time to carry out the ideas. 
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Important books on SCIENCE 
— PHILOSOPHICAL LIBRARY 


AUTOMATION: ITS PURPOSE AND FUTURE by Magnus Pyke. Opti 
mistic about the effects of the new revolution, Dr. Pyke reviews what is 
already being done automatically, and discusses the speed with which auto- 
mation is likely to spread here and abroad JUustrated. $10.00 


[1] LOOKING AT THE STARS by Michael W. Ovenden. Introduces readers 
to astronomy and telescope building as a hobby, and to the new discoveries 
made through the use of radar, radio waves, rockets and other inventions 
Fifty-seven diegrams $4.75 


C) THE EXPLORATION OF TIME by R. N. C. Bowen, Ph.D., B.Sc. The new 
techniques and methods used to determine the ages of rocks and fossils, and 
the revolution of thought which has taken place as a result of geo-chronological 
work 40 illustrations $6.00 


1) SOIL ANIMALS by D. Keith McE. Kevan 
educational treatise on animal life in our soil. 
other illustrations 


An enchanting and highly 
Numerous photographs and 
$15.00 


TEACHING SCIENCE TO THE ORDINARY PUPIL by K. Laybourn and 
C. H. Bailey. An intensely practical book showing how every aspect of teach- 
ing Science in school can be treated experimentally, with the main emphasis 
on practical work by the students themselves. $10.00 


C] AETHER AND ELECTRICITY %v Sir Edmund Whittaker. The first ex 
haustive history of the classical and modern theories of aether and electricity 
Set of two volumes $17.50 


O THE AIR by Edgar B. Shieldrop, D.Sc 
the earliest attempts to the modern era. 


Man’s conquest of the air—from 
Discusses balloons, airships, many 
novel types of airplanes, and the coming of space flight. Beautifully illus- 
trated $12.00 


DANGER IN THE AIR by Oliver Stewart. A detailed study of the cause 
of specific air accidents and resultant remedial action through research, design 


and engineering. JlUustrated. $6.00 


( MATHEMATICS FOR THE LAYMAN by 7. H 


increase the reader's efficiency with figures. 


Ward Hill. A book to 
Shows how mathematics devel- 
oped, through experiment and inspiration, to today’s practical, indispensable 
system. IJllustrated. $4.75 


1 MATHEMATICAL TABLES AND FORMULAE by F. J. Camm. An in- 
valuable compendium of arithmetical, trigonometrical and algebraic tables 
Includes interest and conversion tables, symbols and laws of physics. $2.75 


1 CONCISE INTERNATIONAL DICTIONARY OF MECHANICS AND 
GEOLOGY by 8. A. Cooper. An English-French-German-Spanish dictionary 
for the engineer, geologist, mechanic and manufacturer engaged in export or 
import trade or traveling in foreign countries. $6.00 


© A SHORT DICTIONARY OF MATHEMATICS by ©. H. McDowell. A 
highly practical dictionary for students, and everyone who handles figures in 
daily life 


Explains all common terms in arithmetic, algebra, geometry and 


trigonometry $2.75 

THE WORLD AS | SEE IT by Albert Einstein. Professor Einstein's 
thoughts on life, on the world about him, and on his scientific labors 
ing, witty and shrewd observations. 


Charm- 


$2.75 
CO ESSAYS IN SCIENCE by Albert Einstein 


some of the papers of the distinguished physicist 


An abbreviated edition of 
$2.75 

ERNEST RUTHERFORD: ATOM PIONEER by John Rowland. A full 
length biography of the man whose revolutionary researches in atomic physics 


led to our present mastery of the atom $4.75 


MAIL THIS COUPON TODAY 


Mail to your favorite bookseller or directly to 
PHILOSOPHICAL LIBRARY, Publishers 

15 East 40th Street, Dept. 12-ST-12, New York 16, N. Y. 
Send beoks checked 
$ 

NAME 

ADDRESS 


To expedite shipment I enclose remittance 











Rebuilding the Science Program 


Teaching the Average Student 


By PAUL WESTMEYER 


Instructor in Education, University of Illinois, Urbana 


OW the old pendulum does swing! There was 
a time, not too long ago, when we taught the 
average student. The theory was that there were 
so many more of them than of either the superior 
ones or those of lower intelligence that the best 
compromise was to teach the average students and 
hope that the rest would not be too bored, or snowed 
under completely. What a nice easy-going practice 
—but then this was in the days (Have they really 
left us yet?) when the whole class had to be kept 
together and taught the same things. 

This applecart was upset by the people who came 
along and insistently told us that the student of 
lower intelligence was not learning enough material 
to fit him for life. He must be given special at- 
tention. He couldn’t be expected to absorb enough 
of the average material in an average class. What 
he really needed was some classes in which he did 
not have to use his brains very much, but could work 
with his hands. He needed a course in auto mech- 
anics, or carpentry, or building a house, or a lot of 
other things which have now become established 
in many of our public schools. 

In science we gave him survey courses which just 
skimmed the surface of many topics and spent con- 
siderable time talking about science, but never get- 
ting into science. (For this we got a lot of criticism 
from those who advocated a return to the “good old 
days” when, by golly, the kids learned scientific 
facts or else; none of this coddling and spoon-feed- 
ing, pound it into him, tell him again and again, 
make him repeat it until it has soaked in.) 

In the face of such criticism we had just estab- 
lished many of these survey courses and were 
branching out into broad fields courses where the 
survey was not even of a particular science but of 
several areas, or even of a combination such as 
science and English or science and social studies. 
Then along came some people who said that we were 
doing everything backwards; that what we really 
ought to be concerned with in science was not the 
below-average student (he would never become a 
scientist anyway) but the superior student who 
might eventually become a scientist and who at the 
present rate was being bored out of science courses 
before he even reached the high school grades. 
Now, said these people, let’s keep the survey courses 
for the poorer students; an acquaintance with sci- 


460 


ence may be obtained from them and they are easy 
and hence are OK. But let’s establish some special 
courses in which we can challenge these superior 
kids who are not taking our science courses. Let’s 
get back to real intellectual study and make them 
use their brains. Let’s make scientists out of them. 

So we did; we established special courses for the 
gifted students in science, we challenged them; we 
are making more of them into scientists than ever 
before (at least we think we are). 

But now what do we do with the average student? 
There are still many of them in the 90 to 110 IQ 
range. It would seem, by implication from many 
present research studies and by implication from 
the way present science courses are taught, that 
these students are the ones to whom we lecture. 
They are too smart to be spoon-fed in a survey 
course and they are too dumb to be challenged in a 
special course, so we lecture them, we tell them 
about science and expect them to absorb. It looks 
as though we have been pushed into a three-track 
system of science education. 

Is this really desirable? There is no evidence 
to show that the learning process is any different in 
a superior brain than it is in one exhibiting a low 
I.Q. Modern psychological theories all agree that 
new learnings are based upon prior learnings neces- 
sarily, and that learning is a process of assimilating 
new material and incorporating it into a reorganiza- 
tion of what was already there. Obviously there 
are great differences in the rate of assimilation and 
the nature of reorganization and the depth of in- 
sight but not in the nature of the learning proc- 
ess. Why then must students of different intelli- 
gence levels be taught in different ways? Isn’t 
what they really need, a difference in level and diffi- 
culty of material and in speed of presentation? 

Perhaps the trouble lies in the popular concept 
of a teacher as one who informs. Thus, since we 
have done away with informing the superior stu- 
dents in favor of letting them investigate problems 
on their own and since we have given up trying to 
inform on a very high level the poorer students, we 
must inform the average students or we are not 
performing our duties. 

There are some studies to show that this may not 
be all wrong, that the average student is the one 
least benefited by “modern methods,” such as group 
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study, directed discovery, inductive procedures, and 
others. Is this perhaps because he is average? In 
classes where experiments have been done the mate- 
rial was usually directed at stimulating the stu- 
dents, usually the upper level students. Now if 
the superior students were stimulated and performed 
well and the lower level students were so far out of 
touch with what was going on that they learned, 
if anything, merely from the social contacts and 
perhaps some habits, the average students, fitting 
neither category, were left cold. They could not 
quite comprehend what was stimulating the gifted 
nor were they so far out of touch that they were 
not bothered by it, so they struggled along trying 
their best but not accomplishing much. 

The whole point is this: let’s get back to teach- 
ing to the average student but remember that our 
main concern is not in keeping the class together 
but in encouraging the individual development of 
each student at the rate of speed which is uniquely 
his. Let’s change the concept of a teacher from 
one who informs to one who leads, guides, or even 
pushes as the occasion may warrant, individual 
students along their individual best lines of learning. 


Preparation 


How would one run a class along these lines? 
The first point is that there would be a “main line” 
of subject matter development which might or might 
not correspond to present textbooks. This would be 
basically aimed at the average student but would 
not be taught primarily by lecture. It would be 
presented in a variety of ways including demonstra- 
tion, group work, panels, and laboratory experi- 
ments. Second, the way would always be left open 
for a student who was “ahead” to move off in some 
different direction. Third, time would be provided 
during which the slower students could be given 
extra help. Furthermore, not all students would 
be expected to perform at the same level of com- 
petence. Most important, there would constantly 
be challenges and expression of ideas and a general 
questioning attitude which might lead the students 
off the “beaten path” into investigations of their 
own. The teacher would be careful to level the 
challenges at both the average and the lower level 
students as well as at the gifted. Anytime when 
a student indicated a willingness to experiment on 
his own, no matter how simple or how difficult the 
experiment, he would be encouraged to go ahead. 

If this plan were really followed the teacher would 
soon find his class going off in just about as many 
directions as there are students in it. It would 
have changed from a class which remained together 
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through thick and thin into a true laboratory group 
where some students might be cooperating on a 
problem but where basically each is concerned with 
his own investigation. But since the basic struc- 
ture was a line of subject matter the problems being 
investigated would still be of common concern to 
some extent and sharing findings would be very 
appropriate. In other words, the students would 
still be learning the same basic materials as they 
would in a conventional course but they would be 
learning them in a more practical and scientific way. 

It is here, of course, that the main objection to 
such a method arises. When the class has gone off 
in sixteen different directions where does the teacher 
go? Isn’t his work immensely increased by having 
to prepare in so many differnet areas at once? 
The answer is “why prepare? Why worry about 
keeping up with (or ahead of) the several groups 
of students?” It is the one who does the work 
that does the learning, hence the students should do 
the work. Do not hesitate to say, “I don’t know.”’ 
Do, however, be prepared to suggest references or 
to say in some cases, “I will be glad to help you 
find out.” For after all some of the problems that 
will arise will be beyond the ability of the students. 








FREE BOOK 


to Science Teachers 


I 2 0 PAGES 


OF LABORATORY INSTRUMENTS AND SUPPLIES 


Lists many new items for general science, biology, 
chemistry and physics with up-to-date prices and 
eight pages of order blanks. Special sections de- 
scribe semi-micro chemistry equipment and modern 
easy-to-use projection apparatus. Write today (on 
school letterhead) for your copy. 


Comed 


Cenco, the leading manufacturer of instruments for laboratories 


CENTRAL SCIENTIFIC CO. 
1718-0 Irving Park Road ¢ Chicago 13, Illinois 
Branches and Warehouses — Mountainside, N. J. 
Boston © Birmingham © Santa Clara @ Los Angeles © Tulsa 
Houston @ Toronto @ Montreal e Vancouver @ Ottawa 
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LOW-PRICE CLASSROOM AIDS for SCIENCE TEACHERS! 


See the Stars, Moon, Planets Close Up! 


3” ASTRONOMICAL REFLECTING TELESCOPE 


(Famous Mt. Palomar type) 
60 to 160 Power—An Unusual Buy! 


Assembled and ready to Use! You'll see the 
Rings of Saturn, the fascinating planet Mars, 
huge craters on the moon. Aluminized and 
overcoated 3” diameter high-speed £/10 mirror. 
Telescope comes equipped with a 60X eyepiece 
and a mounted Barlow Lens, giving you 60 to 
160 power. Optical Finder Telescope included. 
Sturdy, hardwood, portable tripod. Free with 
scope: Valuable STAR CHART and 272 page 
“‘Astronomy Book.’’ 

Se IIS 6c Ves rtvcrcsecccesccesiceecs $29.95 Postpaid. 

Order by Stock No.—Send Check or M.O.—Satisfaction Guaranteed ! 


ERECT IMAGE LOW POWER MICROSCOPE 
5X, 10X, 20X 

$80 Value—Only $19.95. Extremely sturdy with rack 
and pinion focusing, color corrected optics, turnable 
microscope body for inclined viewing, three different 
powers, long working distance under objectives, suffi- 
cient eye relief for easy viewing. Made from war sur- 
plus optical instrument so that you actually get $80.00 








of value. Weighs 4 lbs. 13” high. 10-DAY FREE 
TRIAL! Accessory objectives available for powers of 
15X, 30X, 40X. 

eS | eee ee $19.95 Postpaid 





COILED SPRING-WAVE DEMONSTRATOR 


Triple length model of the popular “walk down 
the step” type toy, found to be excellent for 
demonstrating wave motion, observing pulses, 
understanding superposition and cancellation, etc. 
3” dia—6” long when compressed—expands out 
to about 50 ft. 








ere Serer 
gS ek ee 50 
A $2.50 


Order by Stock No.—Send Check or M.O.—Satisfaction Guaranteed! 





NEW HAND SPECTROSCOPE 


Never before such low price! 


Only 
possible 


" because it employs newl 
developed replica grating film—with 
3,400 rg per inch. This grating is mounted in aluminum 
tate 4%” long, %” dia., with a fixed slit. Excellent for 
demonstrating spectrum; to see spectral lines of gases; for 
recognizing transmission and absorption bands of colored 
a= filters, dyes. Also will identify more prominent 
raunhofer Lines. 
EE i I Biss dies cubeuie sadader eee $2.50 Postpaid 
Order by Stock No.—Send Check or M.0.—Satisfaction Guaranteed ! 











ee] TWO-STAGE ROCKET TOY— 


Simple, safe—demonstrates principles of jet 

rockets. Uses water and air as fuel. First stage 
soars up 200 to 300 ft.—then 2nd stage is auto- 
matically released, going still higher. A 2nd stage 
satellite is also saeieed ed and may be substituted. 
Made of Butyrate plastic. Set includes fuel 
supply tank and air injection pump. 

SE EG, PE 6 occ cacecccccev ee $2.98 postpaid 

Send Check or M.O. Satisfaction Guaranteed ! 





CLOSE OUT! MECHANICAL DRAWING SET 
Regular Price $18—Our Price Only $6.00 


American mfr. couldn't compete with for- 
eign imports—thus you get a terrific bar- 
gain. even far below import prices. 10 
, handsome pieces in  velvet-lined case. 
Nickel plated As beedhien American-made. We guarantee you'll 
be satisfied or monev refunded. 
any a ees Sy. 0555 ae « onlin #4 os $6.00 Postpaid 
Quantity Price: . Sets for $5.50 each Postpaid 
0 Sets for $5.00 each Postpaid 
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MOTOR STROBOSCOPE 
Motor Stroboscope with three 5%” di- 
ameter strobe discs rotated by a syn- 
chronous motor of 300 RPM, 5 watt, 115 
volt AC, 60 cycles. Four slot, eight slot 
and one plain dise (for individual altera- 
tion) 


a @ supplied to give varying strobe 
te cycles. Changing from one dise to an- 

= other simplified by rubber shaft cou- 
pling. Aluminum case size is 5” x 2%” x 2%”. On and 


off switch on the 4-foot electric 
repetitive operations where it 
freeze a moving object in some 
Stock No. 70,179-AC 


cord. Use for \iewing 
is desired to momentarily 
position. 


$16.50 Postpaid 





REPLICA GRATING tll 
After decades of effort, low-cost diffrac- 
tion grating replica film is available. 
This fim has 13,400 lines per inch run- 
ning the long way. The film is 8” wide 
and about 7%” is covered with replica 
lines. Thickness about .005”. Dispersion 
about 20°. Cheap enough that you can 
pass a piece out to each student. Produces beautiful view 
of spectrum. 
Stock No. 50,202-AC—includes 2 pieces 8” x 514"— 

1 transmission type, 1 solnetiog ee ss atte $2.00 Pstpd. 








Stock No. 50,180-AC—1 piece transmission type 8 in. x 
6 ft. Bert tert rane dient? cs. $5.95 Pstpd. 





SLIDE RULE! CLOSEOUT SALE! 
$7.00 Value—Only $3.00 


Machine engraved for long life—white solid plastic 10” Slide Rule. Face scales 
A-B-Cl-C-D-K—Reverse, S-L-T. Inch and centimeter scales top and bot- 
tom. Fine lined etched glass cursor. U. S. Bureau Standards equivalents 
and settings. Smooth and easy slide operation. Made in U.8.A. Direction 
Booklet included. Regular $7.00 value and an unusual buy. 


Se UR I ais okies cece cee sb eddy os mites $3.00 Postpaid 


RIPPLE TANK 
Simplifies Teaching of Wave Motion of Light 


One-piece, leak-proof tank is made of optically trans- 
parent plastic with a clear water area 20” x 20” > 
1%” deep. The rigid wood frame comes in two iden- 
tical units, the bottom frame receiving the water tank 
and the upper frame holding a rigid, translucent, plastic 
projection screen. A clear bulb placed beneath the tank 
provides illumination for projection. Mechanism is actu- 
ated by an eccentric fastened directly to the small 
motor shaft. Wave vibrations are transmitted to the 
water surface through a leaf spring supported rod, to 
give parallel wave front or point source agitation with 
the supplementary attachment which is included. Motor 
is operated by two flashlight batteries in a brass case 
with a sturdy rheostat to vary the speed. Order today 
Low cost permits purchase in quantity. 


es Bee has wr bnep apie beads Hanae $40.00 f.o.b 
(Shipping weight 35 Ibs.) Barrington, N. J 
Order by Stock No.—Send Check or M.0.—Satisfaction Guaranteed ! 














FREE CATALOG—AC 


Yours for the asking 


America’s No. 1 source of supply for low-cost Science 
Teaching Aids, for experimenters, hobbyists. Complete 
line of Astronomical Telescope parts and assembled 
Telescopes. Also huge selection of lenses, prisms, war 
surplus optical instruments, parts and accessories. Tele- 
scopes, microscopes, satellite scopes, binoculars, infrared 
sniperscopes, etc. Request Catalog—AC, and FREE 
Bulletin 50-AC (on Science Teaching Aids). 








EDMUND SCIENTIFIC CO. 
BARRINGTON, NEW JERSEY 


The 


SCIENCE TEACHER 











science Fiction in the Elementary School 


By ALAN L. DODD 


Principal, Four Corners School, Silver Spring, Maryland 


ODAY’S children are being bombarded by all 

the means of mass communication with an end- 
less barrage of science fiction. Television, news- 
papers, comic books, children’s magazines, and 
even the often forgotten medium of radio are capi- 
talizing on the current scientific emphasis to ap- 
peal to young readers and listeners. 

The bulk of the science fiction centers around 
space and space travel. As in actuality we move 
nearer to the realization of space travel, these 
communication mediums are already taking child- 
ren into outer space by way of the child’s imagina- 
tion. Even the once dead and forgotten Buck 
Rogers has been reincarnated. 

Most educators would agree they would prefer 
that elementary school children read material on 
a higher level and also watch more worthwhile 
television programs. However, as merely prefer- 
ring this will cause no significant change in child- 
ren’s behavior, what use can be made of science 
fiction by the elementary school teacher as she 
teaches science to her pupils? In considering this 
problem let us look at two examples of how sci- 
ence fiction can be used at the elementary level. 

Miss Jones’ fifth-grade students had been work- 
ing on a unit in astronomy and were quite inter- 
ested in doing some activities dealing with space 
travel. In discussions that followed several child- 
ren shared the ideas they had read in science fic- 
tion books and had seen on television. The class 
decided they would like to prepare an exhibit 
dealing with space travel. The students worked 
diligently preparing models of space ships, space 
suits and helmets, and examples of life on other 
planets. Most of their conceptions of such things 
were gained from the fictional materials that they 
read and saw on their TV screens. A great deal 
of time was spent in reproducing the detail of 
these various space gadgets as the children inter- 
preted them. Their imaginations ran wild and 
an awesome display of paraphernalia resulted. 

Mrs. Brown’s fifth graders also had studied a 
unit in astronomy and exhibited a similar interest 
in space. Their teacher encouraged them to share 
the fictional material that was readily available on 
this fascinating subject. After several of the chil- 
dren had presented material, Mrs. Brown raised this 
question. How much of what has been presented 
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is actually based on facts that can be verified. 
There were differing opinions as to how much of 
what authors incorporated into their fictional space 
stories was fact. Opinion ran from Billy who 
said, “It must all be true because I’ve seen it 
on TV” to Mary who was sure these were merely a 
result of the author’s vivid imagination. 

Mrs. Brown suggested that they take some of 
the ideas presented in the books and test them by 
consulting other sources. This the children did 
using reference books, scientific journals, and re- 
source people as they sought to separate the truth 
from fiction and the possible from the impossible. 

What values were the result of these two pieces 
of work labeled elementary school science? Cer- 
tainly both experiences drew upon children’s in- 
terest as a motivating force. Both probably kept 
a good part of the class interested and engaged 
in some type of activity. Both experiences were 
probably exciting enough for the children involved 
to remember some of the activities. 

However, it would seem that the second group 
engaged in an experience much more likely to con- 
tribute to the realization of some important goals 
of the elementary school science program. These 
children had the opportunity and were encouraged 
to look critically at science fiction and either verify 
or reject the ideas presented. They were encour- 
aged to employ sound research techniques on their 
level of understanding as they went about the job 
of finding out how far scientists have really gone 
in their plans for traveling into outer space. In 
sharing their ideas with one another they were 
able to engage in the give and take that usually 
helps children arrive at sound conclusions. A 
great deal of time can be spent constructing a 
space helmet out of a cardboard box without the 
child gaining much as far as science is concerned. 
This is not to say that there is no place in the 
elementary science program for activity. We must 
be careful not to lose sight of the reasons that we 
teach science in the elementary school. 

It would seem that the latter approach to sci- 
ence fiction as it affects elementary school children 
is the more sound. That is, teachers can utilize 
science fiction’s motivational values and at the 
same time help children intelligently interpret it 
in terms of scientific truths. 
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US NAVY PHOTO 


Measuring engine for moon plates taken by dualrate moon posi- 


tion camera 


IGY from page 437 


Gravity 


To gain a clearer understanding of the struc- 
ture of the earth, and to determine geographic 
positions more precisely, we need gravity measure- 
ments that are more extensive. 


HERE'S A NEW AND BETTER WAY TO TEACH 





Overhead 
Projector 


The New VU yes G RAPH 


it's unique! Beseler’s new VU-GRAPH is the tor you 
in a fully lighted room. The picture flashes ae yout 

a screen — ieee YOU face the class ta see ae under- | 
stands, : 


needs 
make your own. VU-GRAPH projects in black and white or a 
color: slides, stencils, models, even your own writing — | 
you write! me | 
§ mote Date new 


needed. Free 
“Get Your Point Across — Fast?” 


CHARLES Cascler COMPANY 


EAST ORANGE. NEW JERSEY 


ie 
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The oceans which cover 70 per cent of our 
planet presented a significant gap in pre-IGY grav- 
ity coverage. The difficulty was that wave motions 
disturbed the instruments, so they could be used 
only in submarines submerged to quiet depths. 
Just in time for IGY, a new method which made 
possible the first successful gravity measurements 
on the surface of the open sea was developed by 
Anton Graf of Munich. The Graf instrument, 
which consists essentially of a highly damped pen- 
dulum, was immediately mounted on a stabilized 
platform aboard a vessel made available by the 
US Navy to Lamont Geological Observatory. It 
has been obtaining data much more rapidly than 
is possible with submarines, and in a form that 
can be computed in a fraction of the time required. 


Longitude and Latitude 


Data obtained by newly-developed moon posi- 
tion cameras, established under the US-IGY pro- 
gram at 20 locations around the world, are being 
processed at the Naval Observatory in Washing- 
ton, where the equipment was devised by Dr. Wil- 
liam Markowitz. These observations will make it 
possible to locate the earth’s land masses with an 
accuracy of 100 feet, where today map errors of 
as much as a mile have been discovered. Im- 
proved knowledge of the moon’s orbit, and an 
improved standard of astronomical time are also 
expected to result. 

Bench marks for future answers to the question 
“Do the continents drift?” are being obtained dur- 
ing IGY with Danjon impersonal astrolabes. Where 
the moon cameras permit calculation of absolute 
location, the astrolabes enable us to find the posi- 
tion of two places in relation to each other, with 
an error of less than two feet. 


The End Product 


The vast quantities of data obtained by IGY 
researchers—ten tons came back to the U.S. from 
one season’s work in Antarctica—flow into three 
World Data Centers. One is in the United States, 
one in the USSR, and one serves Western Europe, 
Australia and Japan. Here they are copied, cata- 
logued and indexed, and stored. Existing research 
institutions specializing in the various disciplines 
will analyze the data. Provision has been made 
under IGY for interdisciplinary projects, to use 
the findings in certain areas in several scientific 
fields as a source of new insights. 

It will however require as much as ten years 
of research and evaluation before the full benefits 
of IGY investigations will be known. 
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Solving Problems by the Mole Method 


By FRANK J. GOMBA 


Assistant Professor, U. S. Naval Academy, Annapolis, Maryland 


MANY OF US, as chemistry teachers, speak of 
teaching for “understanding” of the subject, while 
we may not practice what we preach. One seg- 
ment of the course, that of problems involving 
equations, can be presented in a manner that will 
demand more than usual understanding of the topic 
involved. The presentation is by the mole method. 
It appears that we have grossly mistreated this 
topic with the insistence of the so-called ‘“‘propor- 
tion method” for solving weight-weight and weight- 
volume problems. It seems that there has been 
enough of “this is to that, as that is to this.” 

A “balanced” equation, if understood properly, 
can tell us many things, especially the mole rela- 
tionships that exist among the substances involved 
in the chemical reaction. Examining the equation, 


2HgO > 2Hg + 0, 


we see that for every two moles of mercuric oxide 
decomposed, we will form two moles of mercury 
and one mole of oxygen. And further, we can 
show that no matter how many moles or frac- 
tions of a mole of mercuric oxide are used, we 
will always get the same number of moles and 
fractions of a mole of mercury as we used of mer- 
curic oxide; and one-half the number of moles of 
mercuric oxide used will be the number of moles 
of oxygen evolved. 

Now, let us take a sample weight-weight prob- 
lem: How many grams of oxygen will be evolved 
from the decomposition of 40 grams of mercuric 
oxide? 

GIVEN the atomic weights: Hg, 201; O, 16. 

Solution: Each mole of mercuric oxide weighs 
217 grams. If we knew how many moles of mer- 
curic oxide we used, we could easily find the num- 
ber of moles of oxygen formed—since the number 
of moles of oxygen will always be one-half the 
number of moles of mercuric oxide decomposed. 
We know the number of grams of mercuric oxide 
used and we know the number of grams of mer- 
curic oxide per mole of mercuric oxide; thus we 
can then determine the number of moles of mer- 
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curic oxide represented by 40 grams of mercuric 


oxide. (Note the use of dimensional analysis.) 
40 g HgO . 
= 0.185 » HgO 
217 g HgO/mole 18S mote tig 
Therefore, the number of moles of oxygen 


formed will be one-half this number of moles, or 


0.185 mole HgO X 1 mole Os 


= 0.093 mole O 
2 moles HgO mole O» 


Quickly calculating the number of grams of oxy- 
gen per mole of oxygen, namely 32 grams, and 
knowing the number of moles of oxygen, we can 
then find the number of grams of oxygen repre- 
sented by this number of moles. 
32 £ Or 0.993 mole O; = 2.94 g O; evolved 
Tule .093 mole O, = 2.94 g O: evolvec 
We can set this up as follows for slide rule 
calculation: 


1 mole HeO 
217 g HgO 


1 mole Oy, 


2 moles HgO 


32 g Op 
1 mole O; 


40 ¢ HeO 


the number Mole relationship To 


f HgO from the equation 


change moles 
of oxygen to grams 


If we wanted to know the number of grams of 
mercury formed, instead of the number of grams 
of oxygen formed, we would reason as follows: 

The equation shows us that for every two moles’ 
of mercuric oxide decomposed, we will get two 
moles of mercury; or, if we know the number of 
moles of mercuric oxide used, we will form the 
same number of moles of mercury. Then, since 
there are 201 grams of mercury per mole of mer- 
cury, we can easily get our answer: 

1 mole HgO 2 moles Hg 201 ¢ He 


40 ¢ <2? 26 = = 37 ¢ He 
0g HesO X Sir Heo ™* FmolesHgO * Imole Hg 


(This also shows why HgO is nearly as expen- 
sive as Hg.) 

Should the problem be to find the number of 
liters of oxygen evolved, at STP, instead of the 
number of grams evolved, we need only to change 
one step in our calculations. We know that a 
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mole of any gas, at STP, will occupy 22.4 liters. 
So, if we know the number of moles of oxygen 
formed, the number of liters would then become 
no problem. Set up the problem as follows: 


1 mole HgO 
217 g HgO 


1 mole O, 
2 moles HgO 


22.41(STP) 


Ig 2) 
40 ¢ He x 1 mole O, 


= 2.061 0,(STP) 


Gas law corrections can be incorporated at this 
time to make the problem more conclusive. 
We can summarize with the following steps: 


1. Complete and “balance” the chemical equa- 
tion, if necessary, used in the problem. 

2. Note the mole relationships of the substances 
involved. (The coefficients tell the story, if 
correctly written.) 

3. Determine the number of moles represented 
by the weight of the given substance. 

4. Relate this number of moles of the given sub- 

stance to the moles of the “unknown,” to 

find the number of moles of the “unknown.” 

Determine the number of grams of the “un- 

known” in one mole of the “unknown.” 

6. Change the number of moles to the desired 
number of grams; or, change the number of 
moles to the desired number of liters, at STP. 


WwW 





Announcing 
Apparatus 
Competition 


The Committee on Apparatus for Educational 
Institutions will conduct a competition supported 
by a grant from the W. M. Welch Scientific Com- 
pany, for new apparatus for the teaching of college 
physics. 

Cash award prizes up to $500 will be made for 
new pieces of physics apparatus, which as judged 
by the Committee, contribute to the advance of 
teaching in college physics. Two categories of the 
competition include (1) equipment used in demon- 
stration lectures in introductory college physics, 
and (2) equipment used in the introductory college 
physics laboratory. Apparatus entered in the com- 
petition will be exhibited and judged at the Annual 
Meeting of the American Association of Physics 
Teachers, January 28 to 31, 1959, at the Hotel New 
Yorker, New York City. 

For information write to AAPT Committee on 
Apparatus, 335 East 45th Street, New York 17, 
N.Y. 





BIOCRAFT 


MODELS 
CHARTS 
SKELETONS 
SLIDES 
MOUNTS 
SPECIMENS 


When you select equipment for your classroom 
or laboratory, it is important to choose 

visual teaching appliances that have good 
appearance. After all, their effectiveness 
depends on eye appeal. But it is equally 
important to check on durability, since you 
will want teaching tools that last a long time. 


It is not impossible to obtain visual aids 


that combine both of these advantages. 








DENOYER-GEPPERT 
COMPANY 


5245 RAVENSWOOD AVENUE CHICAGO 40 
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A Hand 
(Wood) 


Models for 


Paramecium 
(Plastic clay mixture) 


3-h 


Euglena 
(Plaster) 


Digestive System 
(Modeling Clay) 


Lvery Classroom 


By C. A. R. JOHNSON 
Glenbard High School, Glen Ellyn, Illinois 


THIS ARTICLE DEMONSTRATES that functional 
teaching models can be made by biology students 
from economical materials—specifically plaster, 
plain plastic, plastic clay, and wood. These models 
enable the small high school, or any high school 
with limited funds for biology, to establish in a 
short period of time a reference display shelf of 
models which are functional and beneficial as teach- 
ing aids. 

The use of models in classroom instruction is not 
a new idea in biology. But the idea of obtaining 
these models from the minds and the hands of stu- 
dents is one which compels attention. If these 
models can be obtained at a low cost, well within 
the means of an individual student or a group of a 
few students, it appears that every biology class 
could make highly useful models which could be 
kept for school use and display. Thus a class could 
pass to each succeeding class the results of its own 
study and initiative. 


Multiple Values of Model Making 


Several kinds of values are attached to these in- 
structional models. The figure or model shows to 
the casual observer the graphic features of the sub- 
ject at hand; also, it has a vivid history of student 
activity in its preparation. Of necessity, the stu- 
dent has used many facilities and techniques such 
as the microscope, reference books, dissection, ruler, 
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hand lens, and other aids, supplemented by confer- 
ences with the teacher, before he finally completed 
the model. The model is the graphic, three-dimen- 
sional expression of the facts of his investigation. 
The student has had to relate size, shape, and con- 
formation as well as to display a correct relation- 
ship of parts. 

There is no one easy way to measure or evaluate 
the learnings that students gain from constructing 
models. In our experience, the following list of 
evaluation methods have been found to be useful. 


(1) Examination of the finished model. 


(2) Simple bibliography of material read and illustra- 
tions observed during the model-making process. 


(3) Photos, measurements, sketches in an anatomical 
model. 

(4) Write-ups of the model describing its use or its 
functional behavior or structural features. 

(5) Completion of a dissection of the actual speci- 
men from which a model was to be made; e.g., 
thyroid gland observed in a rat. 

(6) Model made from dissection only using very little 
reference materials or photographs; e.g., model 
of flower parts. 


This report was an entry in the 1957-58 STAR (Science 
Teacher Achievement Recognition) awards program 
conducted by NSTA, sponsored by the National 
Cancer Institute, U. S. Public Health Service. 





(7) Student requested to explain his model to the 
class and describe its construction, function, or 
anatomy and be prepared to answer questions. 


(8) Teacher-student conference relating to the model. 


Uses 


When a certain topic appears and you are 
equipped with a model pertaining to it, it is an easy 
matter for it to be brought before the class. The 
features shown by the model are plainly seen. The 
model can then be placed on the demonstration 
table in the room so that the class members may 
have closer access to it. These displays serve to 
generate questions and responses from students. 
Models serve also to stimulate the casual visitor. 
When a person comes into the biology room and 
finds something he can study by himself, he very 
likely will return at a later date to see additional 
displays or get information. 


Making Plaster Models 


One of the outstanding features of models from 
plaster is economy. A twenty-five cent sack of 
plaster obtained from the hardware store provides 
abundant amount of material for making models. 

Conventional mixing instructions are frequently 
printed on the bag or container in which the powder 
is purchased. Fundamentally, the procedures in- 
volve mixing the powder with and allowing it to 
stand for a period of time. From time to time the 
mixture is stirred to prevent lumping. The smooth 
mixture is then poured into a mold or into an 
oiled or waxed paper box of whatever size or con- 
figuration is called for by the type of model being 
made. Larger models require stronger forms or 
molds for holding the heavy mass of plaster. 

Soon after pouring the plaster will begin to set 
and the model is then ready for immediate tooling 
and shaping. Appropriate tools are employed 
(knife edge, broad blade, scraper, and others) to 
oultine the general features of the model. Careful 
carving and the removal of excess plaster is now 
accomplished. This pliable mass is pressed, carved, 
packed, raised, or curved into its proper shape. 
During these processes, water may be added to 
delay settling or hardening of the mass. 

When the precise stage and degree of configura- 
tion is reached, the model is set aside and allowed 
to harden. After perhaps a day or two the model 
is painted with conventional indoor house paint of 
various colors to accentuate the carving and sculp- 
turing, enabling a clear differentiation of systems 


(Continued on page 480) 
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Phillips ... from page 447 


And 
what is the meaning of the phrase, “When acting 


Is this force always an “unbalanced” force? 


on objects”? Does the “force of gravity” have 
some independent existence, so that it is there, even 
when “not acting on objects?”’ The Law of Gravita- 
tion describes the force of attraction between two 
masses; it does not permit any conclusions about 
a situation involving an interaction between one 
mass and nothing. 

Because there often seems to be confusion about 
the distinction between mass and weight, one not 
infrequently finds a section or a paragraph devoted 
to the confusion—and not always does it serve to 
provide any real clarification. One text says this: 


“In most cases the mass of an object is measured 
by weighing the object in scales. We shall see later 
on in the chapter that the weight measured in this 
way is not exactly the same as the mass. But for 
practical purposes we can consider the mass to be 
the same as the weight.” 


And later on, in discussing “Force vs Mass’’: 


“ 


. use an equal arm balance and standard set 
of masses (commonly called a set of weights), and 
the true mass of the object is always equal to the 
mass it balances, no matter what the force of 
gravity may be.” 


Now one could defend this argument, sentence by 
sentence, and, provided it were understood that 
what is meant in the earlier sentences is that “the 
number of units of weight is not exactly equal to 
the number of units of mass, but for practical pur- 
poses we may consider these numbers to be equal,” 
he could insist that each statement is true. But 
even then the matter would be far from clear. What 
the student will infer from the discussion (and what 
more than a few high school teachers infer from 
the discussion) is that since the gravitational force 
on an object changes slightly from point to point 
on the earth, this somehow makes the mass and the 
weight slightly different, but to say that they are 
the same is not conceptually wrong, it’s just slightly 
inaccurate. The same idea is obtained from an- 
other text, in which one finds similar statements. 
Mass and weight having been mentioned, these 
words follow: 

“To distinguish between them, remember that the 


weight of a body can vary, but its mass cannot.” 


And then there is a footnote saying that the mass 
can increase if the velocity is exceedingly great. 
Later on, the change in weight of a body trans- 
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ferred from New York to Denver having been de- 
scribed (about 2 pounds in a ton of sugar), the 
statement is made: 


“Usually such small changes do not bother us. 
However, physicists want their science to be very 
accurate, so they use mass more than weight.” 


One does not distinguish between mass and weight 
by remembering that one changes and the other 
does not, any more than one distinguishes between 
the age and the sex of an individual by remember- 
ing that the age changes but the sex does not—and 
a footnote saying that if the object is an oyster, 
or an exceedingly skillful surgeon is available, the 
sex can change, does not help to clarify matters. 
The second statement again really says that the 
distinction between mass and weight is merely a 
question of significant figures, and not at all one 
of a difference in the two concepts, and the physicist 
is just a snob and a piddling quibbler when he 
insists on using mass instead of weight. Really, 
the whole difficulty arises from failure to distin- 
guish between the name of a unit and the unit it- 
self. One book makes no bones about it whatso- 
ever: 


“Unfortunately both mass and weight are meas- 
ured in the same units.... This fact adds to the 
difficulty of distinguishing between mass, weight, 
and force.” 


And of course this is just plain wrong. Unfortu- 
nately, some units of mass happen to have been 
given the same name as some units of weight, and 
this leads to a bit of confusion—even among writers 
of textbooks. Mass and weight are mot measured 
in the same units. To say that they are makes no 
more sense than to say that “time” and “angle” are 
measured in the same units, just because units 
named “minute” happen to be in use for both. 
Along with the discussions of the second law, 
one finds a number of inaccurate or poorly worded 
statements, a few examples of which are cited below: 


“In a baseball game the infielder who catches a hard 
ball wants to slow down the momentum of the 
ball so it does not hit his hand with full force.” 


Just what would “full force” mean? Say the ball 
has a mass m, and is moving with a velocity v, 
so it has a momentum mv (this, incidentally, is the 
product of its mass and its velocity; not, as several 
texts say, the product of its mass times its velocity), 
and this is equal to the product of the stopping 
force F and the stopping time t. That is, Ft = mv, 
so, for a given momentum, the shorter the stopping 
time the greater the force required. But full force 
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is what? And does one really “slow down” the 
momentum? 
“A ferry boat in docking moves very slowly, but 
a foot caught between the slowly moving boat and 


the dock would be crushed by the momentum of 
the boat.” 


Does momentum crush, or is it the force that would 
be exerted on the foot that will do the crushing? 


“Tf a ball thrown with a given force moves with a 
velocity of 50 feet per second, the force must be 
doubled to make the ball move with a velocity of 
100 feet per second.” 


This is true only if the accelerating time is the same 
in both cases. The higher velocity could be at- 
tained equally well by applying the same force for 
double the time, or by any combination of F and t 
whose product is doubled. 


“Place a book on a sheet of paper. Jerk the paper 
away and the book will remain behind. The small 
force of friction cannot overcome the inertia of the 


book.” 


Actually, the clue to the apparent immobility of 
the book is not in the small force of friction, which 
would undoubtedly be sufficient to make the book 
move along with the paper if the paper were moved 
more slowly, but in the “jerk” which results in the 
paper being pulled out so rapidly that, despite the 
fact that the book is given an acceleration by the 
“small” force of friction, the time is too short to 
permit the book to attain an appreciable velocity. 
Once again, mv = Ft, and v is small, mot because 
F is small, but because ¢ is small. Any unbalanced 
force, however small, can produce acceleration of 
any mass, however large; the velocity the mass at- 
tains, however, depends jointly on the acceleration 
and the time the acceleration is maintained. And 
just what does one mean by “overcoming” inertia? 


“The acceleration of a body starting from rest is 
the rate at which the speed of the body changes.” 


Granting that perhaps in a high school physics 
course the word “rate” will always be taken to mean 
“time rate,’ and overlooking the fact that accelera- 
tion is the time rate of change of velocity rather 
than of speed, one still wonders what the words 
“starting from rest” are doing here. Isn’t this what 
one means by acceleration, whether the body is 
initially at rest or in motion? 





This article will be continued as Part Il in 
the February issue of TST covering New- 
ton’s Third Law. 
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A Demonstration Lens 


By ROLAND O. SPRECHER 


Central Senior High School, Madison, Wisconsin 


This report was an entry in the 1957-58 STAR (Science 
Teacher Achievement Recognition) awards program 
conducted by NSTA, sponsored by the National 
Cancer Institute, U.S. Public Health Service. 


A MAJOR objective in science teaching is the 
development of student ability to solve spe- 
cific problem situations through the application of 
underlying principles. As with most goals, one 
must teach specifically toward this objective if it 
is to be attained. 

Many students tend to study related situations 
as though they were isolated phenomena, learning 
the facts in each case by rote rather than by rea- 
soning from underlying principles. If they can be 
taught to reverse this tendency, definite progress 
will have been made toward this objective, and 
they will derive greater satisfaction and depth of 
understanding from their work. The apparatus 
described in this paper was conceived and built with 
this objective in mind. 


The Problem 


The specific teaching problem that led to the 
development of this apparatus was that of develop- 
ing a thorough comprehension of the relationship 
between the object distance (D,) and the image 
distance (D,) in various cases of image forma- 
tion by a positive lens. 

In studying optics, students learn the laws of 
refraction and the lens formula, and they work 
problems involving D, and D,;. Subsequently, 








however, many do not truly understand these dis- 
tance relationships in the basic “six cases’’ of image 
formation |i.e., with the object located (1) between 
the principal focus, f, and the lens; (2) at f; (3) 
between f and 2f; (4) at 2f; (5) at a measurable 
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distance beyond 2f; or (6) at infinity]. They re- 
sort to memorizing the charts and diagrams of 
these cases, as found in the textbook. 

The problem, then, was how to help students 
arrive at the “‘six cases” by reason not rote. 


Solution: A Model Lens 


As a working hypothesis it was assumed that 
the connotations of the refraction laws they had 
‘learned’ must have escaped these students, for 
the “‘six cases’ are a direct result of the operation 
of those laws. It followed from this hypothesis 
that conventional methods and devices for teach- 
ing refraction principles must be inadequate. Text- 
book and chalk-board diagrams, optical disks, and 
even actual lenses are static with respect to the 
“six cases.” They cannot clearly demonstrate 
transitional phenomena from case to case. 

What was needed was a device which would 
visualize light rays and demonstrate the transi- 
tion process in a fashion that would make refrac- 
tion principles a part of the students’ working 
knowledge. 

The apparatus represents each light ray as being 
analagous to a lever, bent at its centrally-located 
fulcrum within the lens so as to represent refrac- 
tion of the ray. (The “thin lens’ proposition per- 
mits the use of a single bend.) One such bent 
lever R is shown in Figure 1, which is a radial 
section through the slot S, through which the lever 
passes, near the edge of the lens L, L’. The lever 
(hereafter referred to as a “wire ray’’) is made 
of 1/16” steel wire, and has a short piece of the 
same wire spot-welded to it at the fulcrum W 
to act as the pivot P. 

Figure 2 shows, schematically, four such wire 
rays R passing through the slots S in the lens L, L’, 
with their pivots P mounted in bearings within 
the lens, which is shown in vertical section. The 
straight wire A represents the principal axis, and 
has the f and 2f points marked on it with paint. 
A rubber focusing ring F holds all of the rays in 
a bundle around the axis, as shown. This ring, 
free to slide along the axis, may represent either 
an object point or an image point, as desired. 

Manually sliding the focusing ring to and fro 
along the axis causes all wire rays to rotate on 
their pivots so that their point of convergence I 
will occur at the proper distance from the oppo- 
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site side of the lens. All of the “six cases’ can be 
shown by sliding the ring to the proper location 
for either object or image, and the lever analogy 
involved in the process makes the D, to D, rela- 
tionship quite logical—even obvious—to students. 
It will be apparent that the fixed refraction angle 
of the wire rays is not mathematically precise for 
all angles of incidence. Consequently, the model 
is not adaptable to quantitative experiments, but 
that is not its purpose. Rather, it serves to help 
students develop that insight into lens behavior 
without which subsequent quantitative experiments 
cannot be truly meaningful. The deviation is too 
small to be noticeable, however, and students are 
given to understand that it exists as a necessary 
consequence of the mechanical analogy. 


Construction Details 


The following details will amplify the above gen- 
eral description: 

The lens is made of aluminum, which is easily 
machined, does not corrode, and takes a high polish 
so as to stimulate a lens surface. It consists of 


December 1958 


1. Features one surface of lens; 2. Ray pattern with focus ring beyond 2f; 3. Ray pattern with focus ring at 2f; 4. Ray pattern with 
focus ring between f and 2f; 5. Ray pattern with focus ring at f; 6. Ray pattern with focus ring between f and lens. 








the two plano-convex halves, L and L’, cemented 
together to form a double convex lens 4%” in 
diameter and 34” thick at the center. The pivots 
P are held in place, sandwich-wise, between the 
lens halves, where they fit into bearings formed 
by mating cylindrical grooves C, as shown in 
Figure 1. 

The slots S, through which the wire rays pass, 
must be slightly wider than the diameter of the 
wire rays, and long enough (3¢”) to allow free 
movement of the wires. Figure 3 shows one sur- 
face of the lens with the wire rays removed; note 
that the ray slots S are arranged in two concen- 
tric circles around the axis A so as to demonstrate 
the difference in the degree of refraction at dif- 
ferent distances from the axis. 

The wire rays R, 36” long, are first bent to 
approximately their correct angles and spot-welded 
to their pivots, then inserted through their slots 
in one lens half L. The other lens half L’ is then 
slipped over the wires and cemented to its mate 
with a “contact” type cement. 

” sheet aluminum, 1” 


A strip of 1%” wide x 6” 


One end 


long serves as a support U for the lens. 
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of it is cemented into a socket milled into the 
bottom edge of the lens halves before assembly, 
and the other end is bent at 90° and screwed to 
the wood base B. 

An appropriate distance (4%4” in this instance) 
is chosen for the focal length, and the principal 
foci f,f are marked on the axis A with white 
paint. The conjugate foci 2f,2f should then be 
double this distance, or 9” from the lens, but 
they were extended to 914” to correct for the dis- 
crepancy resulting from the fixed angle of refrac- 
tion of each wire ray, then marked with paint. 

Finally, all rays are gathered together around 
the axis wire at one end, and the focusing ring 
F is slipped over the resulting bundle. The ring 
must be a snug fit, but free to slide. It must also 
be elastic to accommodate the increasing diameter 
of the bundle as the wire rays converge at wider 
angles nearer the lens. The ring used was cut 
from the end of a rubber tube, and is lubricated 
with glycerine. 

After assembly the refractive angle of each ray 
is given its final adjustment by sliding the focus- 
ing ring to the f mark and bending each ray at 
its pivot point, if needed, so that its free end 
emerges from the lens parallel to the principal axis. 


Results 


The apparatus was built nearly a year ago, but 
not completed until after the physics classes had 
concluded their study of light. Nevertheless, it 
was then demonstrated to them, and their reac- 
tions were revealing: At first the model was 
merely placed on the desk for all to see. It evoked 
only faint interest which soon decayed to boredom, 
for it was a static display showing little that they 
had not recently studied, and it was not pertinent 





Apparently, the apparatus would at least be an at- 
tention-getter! 

The bent-lever analogy was then explained, and 
the ensuing discussion consumed an entire class 
period. From the many questions and observa- 
tions it became apparent that a number of stu- 
dents who had “learned” the behavior of lenses 
were only now truly comprehending it. It also 
developed that the apparatus was superior to con- 
ventional devices for demonstrating such principles 
as chromatic and spherical aberrations, dispersion, 
magnification, virtual images, conjugate foci and 
others, in addition to the D, to D, relation for 
which it was specifically intended. 

Recently, one year later, the apparatus was used 
as the basic instructional device, with conventional 
apparatus used as supplements to it. It was con- 
stantly available during the study of refraction, 
and frequently was used by students and teacher 
alike to investigate or demonstrate a variety of 
phenomena. Moreover, it was apparent that logic 
and comprehension were replacing rote memory as 
the basis for solving refraction problems. 


Discussion 


Almost any lens phenomenon can be demonstrated 
with this apparatus. A few of the more promi- 
nent demonstrations will be described briefly. 

One begins by removing the rubber focal ring 
and manipulating a single wire ray, so as to es- 
tablish the “bent lever” analogy, pointing out that 
this is only a close, but reasonable, approximation 
to the true state of affairs. The ring is then re- 
placed and moved to and fro a few times to dem- 
onstrate the general action of the model. 

The principle of image formation is demon- 
strated by sliding the ring to any position that 




















R> s 
R F Sore I 
Ay \ : =A - Z 
_p 
R 2F f 2F 
- ~% 











to the assignment for that day. Then the focus- 
ing ring was moved to and fro along the axis, and 
as the wire rays dutifully responded the class- 
room atmosphere was electrified: ‘Look, they 
move!” “Do it again!” “Which is the image?” 
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results in convergence of the free ends of the wire 
rays. One then points out that all rays originat- 
ing at an object point (the rubber ring) are so 
bent by the lens, no matter where they penetrate 
it, as to meet at a common focus, which becomes 
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an image of that point; and that, since all ray 
paths are “two-way streets,” either of these points 
could be the image of an object placed at the 
other point. The general relationship of D, to D, 
can now be stressed while sliding the ring through- 
out its range. 

The six basic cases of image formation are best 
shown by starting with the focal ring at f, whence 








. the refracted rays emerge parallel to the axis (Di= 
infinity). By imaginary reversal of ray direction 
this also shows image at f for an infinitely dis- 
tant object. Next the ring is moved to the 2f 
mark to show conjugate foci, equi-distant from 
the lens. The third adjustment is intermediate 
between the first two, between f and 2f, whence 
the refracted rays quite logically converge beyond 
2f, again representing two opposite, conjugate cases 
by ray reversal. One should show that this latter 
pattern also results from moving the ring outward 
beyond its 2f point. Finally, with the ring be- 
tween f and the lens the refracted rays diverge. 

The simple microscope can be shown with the 
rubber ring (serving as the object) between f and 
the lens, the refracted rays diverging. Two 12” 
pieces of straight wire are then held on the ring 
side of the lens, each with one end in a ray slot 
and in line with the refracted ray, indicating by con- 
vergence the virtual image location. 

Focusing of a camera is shown with a sketch 
of a box camera on bristol board, which is held 
upright behind the lens model. Adjusting the rub- 
ber ring to various object distances will focus the 
wire rays either before or behind the film in the 
sketch, and the lens model is then moved along 
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the desk to bring the image focus to the plane 
of the film. 

To show dispersion and chromatic aberration, 
nine wire rays were used, since this is a multiple 
of the three primary colors of light. The rays 
emerging from the right side of the lens in Figure 
2 are painted alternately red, green and violet. 
Thus there are three refracted rays of each color 
(their corresponding slots are labeled (R), (G) 
and (V) in Figure 3). For this demonstration 
the refractive angle of all red rays is decreased 
slightly by bending them at the fulcrum, and the 
angle of all violet rays is similarly increased. The 
red rays will then focus farthest from the lens, 
the violet rays closest to it, and the green at an 
intermediate point. The wire rays can be readjusted 
to coincidence without damage. 

Although no single piece of apparatus can be 
considered best, or even applicable, for teaching 
all of the principles of refraction, image forma- 
tion and dispersion, the mechanical lens model 
has proved itself the most versatile and effective 
for developing an insight into the practical opera- 
tion of these principles. Properly supplemented, 
it serves as an excellent basic instructional device 
in the teaching of optics. 
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Spo literature of science education is replete with 

articles that decry the textbook approach in 
teaching science. Yet there are facts to show that 
more money is spent for textbooks than for any 
other instructional aid. Further there is no evidence 
that the use of textbooks is likely to decrease. 
Rather, with growing school enrollments and with 
the inevitable increase in class size, it is likely that 
teachers may depend even more on textbooks than 
they do now. It seems reasonable therefore that 
efforts should be made to utilize them effectively. 
Unfortunately, far too little research has been 
undertaken on the utilization of science textbooks. 
However, the studies that have been published 
elicit conclusions that should not be disregarded.' 


The Value of Textbooks 


Several investigators have sought to learn 
whether textbooks could be replaced satisfactorily 
in the classroom situation with other published ma- 
terials. These investigators assembled various 
documents such as industrial, government, and 
trade publications that dealt with the areas taught 
in certain science courses. These materials were 
then used with groups of students whose achieve- 
ments were compared with those of students using 
textbooks. These studies failed to show any sig- 
nificant advantage of one type of published material 
over the other in so far as student achievement 
was concerned. It was concluded that the time 


1The studies will not be documented here. 
however, can be obtained by writing the author. 


The bibliography, 
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on RESEARCH 


Textbook and Reading Difficulty 
Im Science Teaching 


By GEORGE GREISEN MALLINSON 


Western Michigan University, Kalamazoo 


and effort required in assembling the materials to 
replace the textbook were not justified. 

In general, these research studies seem to suggest 
that, other factors being equal, the textbook is a 
satisfactory source of the basic materials for teach- 
ing science. The time and effort expended in select- 
ing publications to replace the textbook is probably 
best spent in locating materials to supplement the 
textbook and to provide for individual differences 
and interests among the students. 


The Abilities of Teachers to Select Textbooks 


It is obvious that a teacher or group of teachers 
charged with the selection of textbooks should be 
cognizant of the criteria for their selection. Also 
these persons should be able to utilize these criteria 
for selecting the textbooks that are most suited to 
their local needs. There are available at present 
several excellent check-lists for use in selecting 
science textbooks. 

Most of the research findings indicate however, 
that few teachers are as well acquainted as they 
should be with the textbooks they select. Further, 
many do not increase their knowledge of their text- 
books substantially even after they have been used 
for some time in their classes. Thus, neither the 
positive values of the textbooks are exploited nor 
their negative characteristics avoided. 

Several studies also cast doubt on the ability of 
reading experts or classroom teachers to evaluate 
the levels of reading difficulty of textbooks of 
science. It has been generally assumed that “a 
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good teacher” can do so. The research findings 
however, suggest that the estimates of “reading 
experts” concerning the reading difficulty of a 
science textbook may be expected to vary as much 
as two grade levels from the measurements made 
with formulae. The estimates of teachers may 
deviate as much as four grade levels. Reading 
formulae, however, such as the Flesch, Dale-Chall, 
and Lorge show great consistency when they are 
used for making such measurements. While most 
of such research on evaluation of reading difficulty 
has been done with materials for elementary and 
junior-high school science, there is every reason to 
assume that the findings apply also to textbooks for 
high-school science. 

It may therefore be recommended that evalua- 
tions of the levels of reading difficulty of textbooks 
should be accomplished with reading formulae 
rather than by inspection. This would seem to be 
particularly desirable in view of the fact that many 
textbooks of science are too difficult for the students 
for whom they are designed. 


The Reading Difficulty of Textbooks for Science 


An extensive series of studies was undertaken 
during the past few years to evaluate the levels of 
reading difficulty of the textbooks designed for use 
in elementary, junior-high-school and high-school 
science courses. In most of these studies the Flesch 


‘formula was used as the measuring device. The 


findings of all these studies led to the following con- 
clusions: 


1. The reading levels of many textbooks in science 
are too advanced for the students for whom 
they are written. 

2. The difference between the levels of reading 
difficulty of the easiest and the most difficult 
textbooks in any area of science are significant. 

3. In some textbooks of science whose average 
level of reading difficulty seems satisfactory, there 
are passages that would be difficult for some 
students in grades well above those for whom the 
book is intended. 

4. Many textbooks of science contain non-technical 
words that could be replaced with easier synonyms. 


These findings indicate that the factors of read- 
ing difficulty cannot be ignored in selecting or 
using a science textbook and that students may 
need assistance and guidance in reading in order 
to utilize their textbooks most effectively. 


Implications for Using a Textbook 


A textbook is, of course, more than a complex 
of words to be memorized. It consists of a pattern 
of illustrations, verbal explanations, questions and 
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suggested activities. Every science educator should 
become intimately acquainted with the manner in 
which such materials are organized and the best 
ways to use them. The science textbook should be 
used not as a reading assignment but rather for 
the value its illustrations, questions, and activities 
can contribute to the science learnings. This 
means however, that critical judgment must be 
utilized in selecting the book rather than depend- 
ing on the appeal of the salesman or the attractive- 
ness of the cover. With such a viewpoint, the 
teacher of science can use the science textbook ef- 
fectively. The book will not use the teacher. 





Editor’s Note: This continuing series of articles, 
which are prepared by NSTA’s Committee on 
Research under the chairmanship of Dr. Wil- 
liam Reiner, is provided to assist TST readers 
in these areas. We suggest readers submit 
their suggestions for articles in the spring issues 
by writing direct to Dr. Reiner. This particular 
topic is also related to the interesting discussion 
by Mr. Phillips on page 444, on which com- 
ments are also invited. 
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Biology 


Assignments in the Study of the 
Invertebrates 


By SISTER M. CLARICE, O.P., San Gabriel Mission 
High School, California 


This report was an entry in the 1957-58 STAR (Science 
Teacher Achievement Recognition) awards program 
conducted by NSTA, sponsored by the National 
Cancer Institute, U. S. Public Health Service. 


High school biology students are at first re- 
pulsed, then curious, interested, and finally in- 
trigued by the study of the invertebrates. 


Classwork Preparatory to Laboratory Work 


The actual procedure for instruction generally 
begins with the presentation of the subject matter 
in a clear, logical manner. Here the teacher fol- 
lows an outline so that the students can learn 
to take intelligible notes—a skill which college 
professors expect of their student scientists. 

The teacher will make use of blackboard, dia- 
grams, charts, and, best of all, the actual speci- 
men for her instruction. Microscopic studies and 
dissections of the available animals are essential 
aids to the mastery of the anatomy and physiology 
of the invertebrates. Where it is possible to ob- 
tain movies, these, too, furnish incomparable in- 
formation and interest. 


Work in Field and Laboratory 


These devices having been utilized, the students 
are then ready to study the animals in their native 
environment. Field trips to the beach at favorable 
tide conditions are invaluable and necessary ex- 
periences for those near the seacoast. During such 
field trips several students may work together to 
collect representative members of one phyla; for 
example, the mollusca. The preservation and iden- 
tification of various clams, snails, slugs, chitons, 
squids, octapi is a joint process and is easily and 
inexpensively carried out. 
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The cardboard lining of the lid of a mayonnaise 
jar is removed. Holes are made through which 
different lengths of string are passed. The moll- 
usks are attached. Knots are made at the oppo- 
site end and the cardboard is glued on the inside 
of the lid as is shown in the diagram. The shell 
animals are preserved in alcohol (no shells should 
be stored in formalin). Finally the identification 
labels are placed on the outside of the jar. This 
final requirement of identification sends the stu- 
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Figure A 
Jar showing method of mounting marine specimen. 
1. Clam; 2. Limpet; 3. Chiton; 4. Octopus; 5. Scallop 


JAR COVER 






CARDBOARD 
UNING 


Figure B 
Inner lining of jar to which invertebrates are attached. 


dents to supplementary books which prepares them 
for formal research. The biologists accompany the 
project with a written report of the trip. 


Testing 


As a part of the testing program the following 
procedure has proved interesting as well as chal- 
lenging. Each table in the laboratory is numbered, 
and next to the number is placed a specimen. The 
students are permitted to come into the room on 
“D-Day” with only a numbered paper folded so 
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that the name of the specimen or a particular 
structure or organ may be named and identified 
according to phyla and class. As the junior biolo- 
gists enter the room they are instructed to remain 
at their usual place and to identify the inverte- 
brate there. At a given signal (tap of a bell) all 
move on to the next place. This is repeated until 
all the specimen have been identified. 

This test, of course, merely covers the ‘“mech- 
anics” of the study. Thought questions covering 
the biological principals and generalizations con- 
stitute the essential evaluation. 


A Creative Assignment 


At Christmas time an assignment may be given 
to provide an ornament for a Biology Tree. The 
essential requirement for the ornament is that it 
is or represents a biological specimen. The ac- 
companying photograph will give some indication 
of the type of ornaments which may be created. 
Prize contribution here is “Bugnick” (this was 
made before Explorer was launched). A runner-up 
is a peanut Santa Claus drawn in a chariot pulled 
by flies. All specimen must be identified. 

Such a human interest assignment eases the in- 
tensive efforts of weeks of solid study, and offers 
a cultural, artistic and creative expression of the 
beauty of the invertebrate animals. 
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Physics 


Earth’s Magnetic Field 


By ROBERT H. LONG, Green Mount College, 
Poultney, Vermont 


High school physics and general science students 
may be interested in this experiment as it relates to 
some of the activities of the International Geo- 
physical Year. 

A simple device is described here for study of the 
Earth’s magnetic field. It might answer the pur- 
pose for laboratory use if expensive materials and 
instruments are not available, and if students have 
an interest in building apparatus. The materials 
include: A coil of insulated wire of a few hundred 
turns (perhaps salvaged from an old-fashioned radio 
loudspeaker, or a small transformer), some copper 
and brass, wood, a galvanometer, and wire from the 
science laboratory. 


The Experiment 


As shown in Figure 1, the generator is made of 
wood, for easy construction and to eliminate pos- 
sible fields. The coil (A) is mounted in a slot in 
a block of suitable size; this, with wooden dowels 
at each end for shafts, forms the armature. The 
current take-off is a slip-ring arrangement (B). 
(This gives an alternating current that produces 
a noticeable effect on the galvanometer for demon- 
strations.) The rings are made by soldering bands 
of copper on the shaft, and securing them with 
small brads. The outer ring is put on first with a 
wire to the coil. The inner ring is placed over 
several layers of friction tape, so as to properly 
insulate the wire going to the outer ring. The 
brushes are made of brass strips mounted (with 
clip terminals) by screws to wooden blocks set on 
both sides of the shaft (D). The end of the shaft, 
at C, is cut off, flush with the mounting support, 
so that the generator can be conveniently set on 
end. For comparative results, the armature should 
be rotated at a constant rate, by means of the crank. 
For actual operation, the galvanometer should be 
connected with longer pieces of wire, so that the 
rotating coil is away from the magnetic field of 
galvanometer. 

In operating the generator, the axis of rotation 
can be placed at any selected angle and direction 
from an imaginary line extending from the point of 
operation to the zenith. However, even with this 
very simple apparatus, a striking difference in the 
fluctuation of the galvanometer will be observed 
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when the generator is operated with the axis of rota- 
tion in a vertical position, and then in a horizontal 
position. With the aid of handbook tables on mag- 
netic inclination, students can work out explana- 
tions for positions of maximum and minimum induc- 





A. Coil 
B. Slipring (current take-off) 
C.-D. Shaft 


E. Galvanometer 


tions. This very simple project may lead interested 
students to plan and build more sensitive units, and 
to make quantitative measurements of the effects 
of the earth’s magnetic field. 





UTILITY 


This magnet 
used to 


can be 
demonstrate 
almost all magnetic 
effects including elec- 
tron resonance. 





Teaching Electromagnet Type C 
11” long x 6” wide x 8” high. Net wt. 42 Ibs. 








High Performance 
ELECTROMAGNETS 


MAXIMUM MINIMUM 
© Efficiency © Cost 
© Field Strength ® Size 
© Utility © Weight 


Stocks of magnets and packs are held in the U.K. 
Orders are despatched on first ship or plane avail- 
able. Please state preference for speed or econ- 
omy in transport and whether c.i.f. or (U.S. port) 
delivery, duty paid, is required. 


For Full Details Write To: 


NEWPORT INSTRUMENTS LIMITED 


(Scientific & Mobile) 
NEWPORT PAGNELL @© BUCKS © ENGLAND 


Telephone: Newport Pagnell 401/2 
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Johnson .. . from page 468 


or parts to be shown. After careful drying, the 
model is ready for mounting on a display stand and 
labeling of parts. 

Two bits of advice at this point: - (1) the paper 
form in which the model was made may be taken 
off prior to painting. This affords maximum pro- 
tection of the model until it has had a good chance 
to harden; (2) painting the model before it is 
completely dry may prove troublesome. 

After the model is painted, proper display meth- 
ods are important. Securely fasten the model 
to some backing such as wood board, heavy fiber 
board, or other suitable material. Stands support- 
ing this backing are used to advantage. Labels 
which clearly identify the parts of a model should 
be attached. This may be done by placing the 
name of the part or structure on a label, then 
attaching a small cord to the correct part of the 
model. Securing the label and cord is accom- 
plished by dipping in glue and pressing the cord 
and label against the surface of the model and 
on the surface of the backing. 


Plastic and Clay Models 


Making models out of plastic and modeling clay 
involves many of the same techniques employed in 
plaster models. Individual types of plastic vary; 
for each type, however, specific instructions are 
given for mixing and handling. These materials 
are more expensive than plaster and probably 
should not be tried until students have had fruit- 
ful results with less expensive materials. 

The special forms of these materials are some- 
what difficult to handle and are generally em- 
ployed for specific needs for a particular type of 
model. Useful types may be obtained from sources 
such as art centers, dime stores, or hobby shops. 
Your local dentist may give you addresses of 
sources of materials such as he uses to make molds 
and forms of mouth configurations (to make teeth.) 

Making models for use in teaching and learn- 
ing biology not only involves knowledge of a sci- 
entific nature; it also involves a limited but work- 
able knowledge of art in the formation stages and 
in the proper painting and label work demanded 
in a good display. All of these qualities, when 
combined by a student, should make the resulting 
model an item of beauty which is useful in a pleas- 
ing presentation of the subject. It is thus assured 
of the students’ attention, and it helps to utilize 
the gateways of both “seeing” and “feeling” as 
ways of learning. 
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» Secondary Secence “eaching 


A pilot study of new developments in secondary 
school science teaching is being conducted by the staff 
of the National Science Teachers Association. Made 
possible by the financial assistance of the Shell Com- 
panies Foundation, the study will be reported in bulletin 
form early in the spring in order to aid those schools 
planning revisions in their science programs. It is 
expected that a more extensive study of the status of 
developments in science teaching will be undertaken by 
NSTA’s Commission on Education in the Basic Sciences 
at a later date. 


» NEA Sudlding Dedication 


Formal dedication of the new NEA headquarters 
building will take place on February 8, 9, and 10. Dr. 
Frank W. Hubbard, NEA Assistant Executive Secretary 
for Information Services, is the general chairman of the 
dedication committee. A leaflet titled “Program Plans 
for Local Dedication Days” has been prepared by the 
committee and is available from NEA headquarters 
free on request for local units planning to arrange their 
own celebrations of D-Days. 

The program will include several speakers and rep- 
resentation by NEA officers, state directors, and local 
units, involving discussions of basic educational prob- 
lems and related programs. NSTA’s Executive Sec- 
retary and a number of D. C. area guests will partici- 
pate in the ceremonies and hold a special NSTA dedica- 
tory luncheon on Monday, February 9. 


» Convention Notes 


Miss Helen E. Hale, Chairman, and members of the 
1959 convention planning committee are rapidly “plug- 
ging the gaps” and winding up details for the Atlantic 
City Convention. Along about the middle of January, 
essential information, advance registration procedure 
and reservation forms will be sent to all members of 
NSTA. Z/t is strongly urged that everyone who can 
possibly do so, should register in advance. Because of 
the large attendance which is expected, registration for 
the convention will be a requirement for admission to 
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all sessions. 


Moreover, several of the sessions will be 
limited in the number of participants that can be ac- 
commodated and these are expected to be filled com- 
pletely through advance registrations. 

In addition, there will be an exhibit of NSTA pub- 
lications and services on display near the registration 
desk. Publications will be available for examination, 
or for placement of orders. An NSTA representative 
will be on hand to describe our services and to accept 
new membership applications. 

All exhibit booths have already been allocated to a 
large variety of producers and suppliers of teaching 
materials for science. This exposition of science teach- 
ing items will be the largest and most varied ever of- 
fered at an NSTA convention. 


>» STAR Program for 1960 


The National Advisory Council of the National 
Cancer Institute, for the third successive year, has 
approved NSTA’s proposal for advancing science teach- 
ing through the program of Science Teacher Achieve- 
ment Recognition (STAR) awards. Requirements and 
procedures for participants are being developed by a 
national committee, and will be announced to NSTA 
members and other science teachers in January. 

STAR ’60, as the program will be known, includes 
cash awards and certificates of merit for teacher-written 
reports of unusual or effective techniques or procedures 
in the teaching of science at junior and senior high 
school levels. A principal objective of the program 
this year is to encourage teachers and practicing 
scientists, or other scientifically trained persons, to col- 
laborate in planning, testing, and reporting ideas to 
improve the teaching of science. 

The Executive Secretary of NSTA will serve as di- 
rector of STAR ’60 with Dr. Abraham Raskin of Hunter 
College, New York City, serving as secretary and editor 
of the brochure to be published after completion of the 
program. 

Following announcement of the program, entry and 
information forms will be made available about the 
first of February. Closing date for submission of entries 
will be December 15, 1959. It is expected that the 
presentation of awards will be made at the 1960 Na- 
tional NSTA Convention in Kansas City, March 29- 
April 2, 1960. 
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> FSAF Sponsors 


The following business-industry organizations and 
personnel contributing financial support to FSAF have 
been added to the roster of sponsors since the Septem- 
ber listing. 

Archer-Daniels-Midland Company 

The Atlantic Refining Company 

R. P. Dinsmore 

Johnson & Johnson 

Revion Foundation, Inc. 

Shell Companies Foundation, Inc. 

Stauffer Chemical Company 

United Aircraft Corporation 


» PASS Conference 


On December 4-6, a conference on Providing for the 
Able Science Student (PASS) was held in Washington, 
D. C. PASS was jointly sponsored by NSTA’s Future 
Scientists of America Foundation and the National Edu- 
cation Association with about twenty educators partici- 
pating, all of whom are actively concerned with meet- 
ing the needs of students with greater than average 
ability and motivation in science in grades 7 through 
12. The director of the conference and “architect” of 
the report to follow is Dr. Robert R. Donaldson, State 
University Teachers College, Plattsburg, N. Y. 

The purpose of the conference was twofold: (1) to 
provide assistance to teachers planning programs in 
science for this group of students; and (2) to expand 
the section on science teaching of the report of the NEA 
Conference held last February on the Identification and 
Education of the Academically Talented Student in the 
American Secondary School. 


Sessions of the conference centered around junior and 
senior high school science programs, class and laboratory 
methods, school-community programs, and the qualifica- 
tions and training of teachers of able and motivated 
students in science. Emphasis was given to classroom 
aspects of teaching science to talented high school youth. 

Plans for the conference were developed by Charles 
E. Bish, Director of NEA’s project on the Academically 
Talented Student, Dr. Donaldson, and Robert H. Carle- 
ton and Margaret J. McKibben of NSTA headquarters. 


» On-the-Job Research Grants 


At a meeting of the FSAF committee on research 
grants for secondary school science teachers on October 
31-November 1, financial aid to teachers for on-the-job 
research was approved for the following applicants: 

Mr. Richard Salinger, Wilton High School, Wilton, 
Connecticut; Mrs. Ethelreda Ross Laughlin, Cleveland 
Heights High School, Cleveland Heights, Ohio; Mrs. 
Mary Valasky, Senior High School, Fort Lauderdale, 
Florida. 

These financial grants are provided to assist teachers 
in carrying on scientific research in after-school courses, 
and also during the summer months. Practically all of 
the research projects involve the participation of some 
of the more able science students that are enrolled in 
the classes of these teachers. The funds are for use 
primarily in defraying expenses of materials, equip- 
ment, and essential travel related to the research project. 

Currently these grants are not sufficient to cover 
salaries either of the teacher or the students, but it is 
hoped future grants may include such provisions as the 
FSAF program of research grants for secondary school 
science teachers progresses. 





FELLOWSHIPS FOR SECONDARY SCHOOL TEACHERS 


The National Science Foundation announced a new program 
of Summer Fellowships for Secondary School Teachers to 
enable candidates to conduct graduate study and research in 
the biological, physical, and mathematical sciences. The 
Fellows may pursue individually planned study programs at 
institutions of their choice. 

Approximately 750 awards are available. Stipends will 
be at the rate of $75 for each week of tenure, with allow- 
ances for travel, dependency, tuition and fees. Normal ten- 
ure will be two full summers of study, or three full summers 
if needed, and as short as one summer session. 

DO NOT APPLY TO THE NATIONAL SCIENCE 
FOUNDATION. For applications, write to The Teacher 
Program, American Association for the Advancement of 
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Science, 1515 Massachusetts, Ave., Washington 5, D. C. 
Completed data must be in by January 19, 1959, and selec- 
tion of Fellows will be announced March 25, 1959. 


During 1959, the General Electric Educational and Charitable 
Fund will again sponsor Fellowships for 150 junior and 
senior high school chemistry and physics teachers. The 
courses are for six weeks, from June to August, and offer 
graduate credit. Tuition, board, lodging, and travel will be 
provided. Please write R. D. Stanton, Planner-School Serv- 
ices, Educational Relations, General Electric Company, 570 
Lexington Ave., New York 22, for names of schools that 
are accepting applications from your state. Applications 
must be completed by late February. 
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Prepared by NSTA Teaching Materials Review Committee 


Dr. Robert A. Bullington, 


Biotocy, REGENTS Course. Maurice Basseches, Editor. 
205p. 80¢. The Board of Education of the City of New 
York, Publication Sales Office, 110 Livingston Street, 
Brooklyn 1, N. Y. 1958. 


This course of study emphasizes using the methods of 
science in solving problems. In part a book on methods, it 
discusses teaching procedures such as individual laboratory 
method, the demonstration, the field trip, evaluation, and 
providing for the talented student. Each of the nine units 
has a topic outline with suggested activities, references, and 
audiovisual materials. 


FREE AND INEXPENSIVE LEARNING MATERIALS. Division of 
Surveys and Field Services. 256p. $1.50. George Peabody 
College for Teachers, Nashville, Tenn. 1959. 


This publication is the ninth in a series. It is designed to 
help the teacher, pupil, and librarian to collect current 
sources of information. With few exceptions, nothing is 
listed which costs more than 50 cents. Each title is an- 
notated and is followed by the complete address of the dis- 
tributor. Each pamphlet, poster, picture, chart, and map 
was selected after it was examined and evaluated. The 
entries are classified under 300 common subject headings 
with extensive cross references. 


CREATIVE SCIENCE Serres. Etta Schneider Ress, Editor, in 
cooperation with the American Museum of Natural His- 
tory, New York. $29.74 per set. Creative Educational 
Society, Inc., Mankato, Minn. 1957. 


Suitable for upper elementary and junior high grades as 
classroom instructional aids or text-supporting materials. 
The four volumes include: 1. The Way of the Weather. 
Jerome Spar. 224p. Covers the atmosphere, seasons, winds, 
weather of the world, forecasting, and tools for determining 
weather. 2. Atoms, Energy, and Machines. Jack McCor- 
mick. 224p. Covers matter, energy, measurement, simple 
machines, the role of physics and chemistry in everyday 
life, and the power of the atom. 3. Planets, Stars and Space. 
Joseph Miles Chamberlain and Thomas D. Nicholson. 223p. 
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Chairman, DeKalb, Illinois 


Covers the earth, moon and sun, solar system, galaxies, con- 
stellations, and tools of the astronomer. 4. The Earth’s 
Story. Gerald Ames and Rose Wyler. 222p. Covers the 
ever changing land building and rebuilding of the earth’s 
crust, the parade of life, raw materials of the earth, and 
suggestions for obtaining aids from various sources for 
material about the earth’s history. 


Puysics CALCULATIONS. Russell H. Johnson. 154p. 65¢. 
College Entrance Book Company, New York 11, N.Y. 
1957. 


The book contains a good collection of problems in 
physics covering mechanics, heat, sound, light and elec- 
tricity. Each group of problems is preceeded by theory 
and example; a good source of interesting problems for 
teachers and high school students who wish to go beyond 
those in the ordinary text. 


Evectrostatics. Alexander Schure. 64p. $1.35. John F. 
Rider Publishers, Inc., 116 West 14th Street, New York 
11, N. Y. 1958. 


The concepts of electrostatic principles play a very 
important role in the understanding of electrodynamical 
problems. This book is a good attempt to clarify those 
fundamental principles. Coulomb’s law and Gauss’s law, 
which are basic to the understanding of electrostatics, have 
been introduced and applied to some problems in a clear 
and simple manner. The CGS and MKS systems, which 
are very often confusing to students, have been explained 
clearly. The simultaneous use of both the systems is good. 


AToMiIc RADIATION. 110p. $1.60. RCA Service Company, 
Camden 8, N. J. 1957. 


This publication presents the theory, biological hazards, 
safety measures and treatment of injury associated with 
atomic radiation. 

The material presented is up-to-date, concise, readable 
and well illustrated. A handy reference for all teachers of 
natural sciences and interested students. 
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Important books in NUCLEONICS 
— PHILOSOPHICAL LIBRARY 


C ATOMIC ENERGY IN AGRICULTURE by William B. Dick 


survey of the progress made in this new field of research. 


A thorough 
$6.00 


[) ATOMIC ENERGY IN MEDICINE by K. E. Hainan. A detailed exam- 


ination of the contribution nuclear physics has made to contemporary medi- 


cine. $6.00 
1 ECONOMICS OF ATOMIC ENERGY by Mary 8. Goldring. The first 
major contribution to this important theme $6.00 


2 A GUIDE TO NUCLEAR ENERGY by R. F. K. Belchem. Designed for 
technical and commercial staffs in the fleld of power production, this book 
requires little knowledge of physics TUustrated $3.75 


C) NUCLEAR REACTORS FOR POWER GENERATION 


Openshaw Taylor 


Edited by E 
An up-to-date symposium by leading nuclear engineers 
Over 50 illustrations. $7.50 


( THE ATOM AND THE ENERGY REVOLUTION by Norman Lansdell. A 
study of the momentous impact of atomic energy on the world’s economy, life 
and society. Discusses the demand for and sources of energy on a national 
and international level. Jllustrated. $6.00 


( RADIOACTIVITY MEASURING INSTRUMENTS: A Guide to Their 
Construction and Use by M. C. Nokes. How instruments of fair accuracy 
can be made in little time and with a minimum of expense. More complicated 
circuits are included for those who wish to make a simple scaler or recent 
counting devices. Jllustrated. $4.75 


C) THE DIRECTION OF RESEARCH ESTABLISHMENTS A timely sym- 
posium by 20 American, British, Canadian, Dutch, and German authorities 
on all problems connected with the organization of 


research establish 


ments $12.00 
[) REASON AND CHANCE IN SCIENTIFIC DISCOVERY %v FR. Taton 
The relative roles of active purpose and chance in the processes of scientific 
discovery. Illustrated by practical examples from the work of Poincaré, De 
Broglie, Galileo, Roentgen, the Curies, Leibniz, 
Illustrated 


Newton and others. 


$10.00 


OC AN ENCYCLOPEDIA OF THE IRON & STEEL INDUSTRY ’y 4. K 
Osborne. A concise description of the materials, plant, tools and processes 
used in all phases of the Iron and Steel and closely allied industries. Defines 
all technical terms employed. $25.00 


[| POCKET ENCYCLOPEDIA OF ATOMIC ENERGY by Frank Gaynor 
More than 2,000 entries defining and explaining concepts and terms in 
nuclear physics and atomic energy. A vital handbook for all concerned with 
atomic science. Jllustrations, Charts, Tables. $7.50 


( CASTILLA’S SPANISH AND ENGLISH TECHNICAL DICTIONARY An 
unusually complete and up-to-date handbook of technical, commercial and 
legal Spanish-English equivalents. Emphasis is placed on currently develop- 
ing industrial and scientific flelds. Two volumes. 2760 pages. $45.00 


[1 PHILOSOPHY OF ATOMIC PHYSICS by Joseph Mudry. Presents a new 
philosophical schema. Dialectical Atomism, extending from the primordial era 
of atoms to a generalized field of extension encompassing the macroscopic 
order. The author discusses such topics as the origin of space and time, 
relativity, entropy and cosmological cycles, our views of immortality, and 
the meaning of value. $3.75 
2 OUT OF MY LATER YEARS by Albert Einstein. The distinguished 
physicist deals with the most urgent questions of modern society: Social, 
religious, educational, and racial relationships. The author also explains his 
theory of relativity in simple terms. A treasury of living thoughts by one 
of our most eminent contemporaries. $4.75 


MAIL THIS COUPON TODAY 


ee ee ee ee es es ee ee 
Mail to your favorite bookseller or directly to 
PHILOSOPHICAL LIBRARY, Publishers 

15 East 40th Street, Dept. 10-ST-12, New York 16, N. Y. 
Send books checked. 
$ 

NAME 

ADDRESS 


To expedite shipment I enclose remittance 
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PROFESSIONAL 
READING 


“Promising Experiments in Education.” By Paul Wood- 
ring, The High School Journal, 62:2-16. October 1958. 
Discusses leadership ideas, communication media, and 
proposals in team-teaching, television use, curriculum 
changes, and teacher training. 

“Genetic and Somatic Effects of Carbon-14.” By Linus 
Pauling. Science, 128:1183-6. November 14, 1958. Cal- 


culations are made of the predicted genetic and somatic 
effects of the carbon-14 produced by the testing of nuclear 
weapons. 


“Modifying Weather on a Large Scale.” 
Science, 128:1059-63. October 31, 1958. 
posals to modify the weather are discussed. Predictions 
are also given of what the meteorological consequences 
might be in dealing with comprehensive weather phenomena. 


By H. Wexler. 
Current pro- 


Standards for Materials and Equipment for the Improve- 
ment of Instruction in Science, Mathematics, and Modern 
Foreign Languages. Report of a conference sponsored by 
the Council of Chief State School Officers, Washington, 
D. C. 42p. 1958. Copies available only through State 
Departments of Education. 


“Science Teaching Improvement Program.” By J. R. 
Mayor. Science, 128:1262-5. November 21, 1958. A sum- 
mary report on 3 years of activity of the STIP of the 
American Association for the Advancement of 
under a grant from the Carnegie Corporation. 


Science 


The Indianapolis Science Education Story. By Paul E. 
Johnson and Newton G. Sprague. 20p. Free. 1957. 
Thomas Alva Edison Foundation, Inc., 8 W. 40th Street, 
New York 18, N. Y. A description of improvement in 
science teaching and the upgrading of staff and equipment. 


The Detroit Science Education Story. By Samuel M. 
Brownell. 20p. Free. 1957. Thomas Alva Edison Founda- 
tion, Inc. 8 W. 40th Street, New York 18, N. Y. An 


address covering the general aspects of science education 
and the specifics of the Detroit program. 


The Oklahoma Science Education Story. By James G. 
Harlow and Lyle M. Spencer. 20p. Free. 1957. Thomas 
Alva Edison Foundation, Inc., 8 W. 40th Street, New York 
18, N. Y. Addresses concerning science education in Okla- 
homa, especially the program for identification of talented 
youth. 


“The Weather.” By Grace E. Koerner. The Grade 
Teacher, Darien, Conn., 76:44. December 1958. How 
weather is forecast. 

“The Air Envelope.” By Franklyn M. Branley. The 


Grade Teacher, Darien, Conn., 76:51. December 1958. A 


description of the “layers” of the atmosphere. List of 
activities. Bibliography. 
“Unintelligence Tests.” By Thomas E. Allen. The Clear- 


ing House, Fairleigh Dickinson University, Teaneck, N. J., 
33:131-135. November 1958. One of the major short- 
comings of intelligence tests is that they fail to measure 
what they purport to measure. 

(Continued on page 488) 
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Volume XXV, THE SCIENCE TEACHER 
Index—February through December 1958 


The annual index is designed to be functional and space-conserving. 


Listed alphabetically 


by authors, the individual articles are coded according to topic category in bold-face figures. 


The key to the codings appears at the bottom of each page. 


reader reaction to this index format. 


Adler, Leona K. A Simple Demonstration of the Bac- 
teriostatic Effect of Antibiotics. May: 216. (4) 
Adler, Leona K. Some Materials That Help Get the 
Idea Across. March: 92. (4) 

Arnold, John G. Development of an Undergraduate 
Research Program. May: 202. (10) 

Barnes, Marie G. Paraffin Models. March: 92. (4) 

Bennett, Wendell F. A Classroom Demonstration of a 
Series-Parallel Circuit. April: 143. (4) 

Blackwood, Paul E. Teaching Elementary Science to 
Gifted Children. September: 262. (3) (7) 


Blanc, Sam S. Guideposts in Science Education. 
March: 82. (8) (10) 
Bliss, H. H. The Science Involved in Rocketry. De- 


cember: 448. (6) 

Boeck, Clarence H. and Carr, Roman R. 
tion Exercise in Chemistry. 

Bowlby, Walter D. A Philosophical Critique of Chem- 
istry Teaching. May: 190. (5) 

Brandenburg, Robert L. Teacher Demonstrations in 
Electricity. May: 214. (4) 

Bray, Leo R.; Renner, John W.; and Powell, William. 
Points and Counterpoint in Teaching Science. May: 


An Orienta- 
November: 411. (7) 


181. (10) 

Breedlove, Charles; Shugart, LeVan; and Smith, Alden. 
A Science-Economics Workshop. December: 451. 
(10) 

Brother H. Edwin. F.S.C.; Martin, Arnold M; and 


Sister Joanna Marie, S.L. Norms of the High School 
Chemistry Test, Form N. February: 32. (6) 

Caldwell, Loren T. Earth Sciences in the Ninth Grade. 
October: 337. (10) 

Campbell, Jeptha E.; Diehl, T. Handley; and Thomas, 
Robert C. High Temperature, Short Time Pasteur- 
ization of Milk. November: 394. (4) 

Carr, Roman R. and Boeck, Clarence H. 
tion Exercise in Chemistry. 

Connell, L. and James, W. W. 


An Orienta- 
November: 411. (7) 
General Science Today. 


October: 316. (10) 

Cooke, William Bridge and Heinlein, C. Leroy. Micro- 
Fungi in the Soil. February: 20. (4) 

Diehl, T. Handley and Setter, L. R. Analysis of Ra- 
dioactivity in Vegetation. March: 77. (4) 

Diehl, T. Handley and Geilker, C. Don. Determina- 
tion of Half-Life. December: 442. (4) 


(1) Conservation (2) Education of Science Teachers 
Projects and Activities 
Suggestions, Methods, and Materials 

Science Talent Searches 


December 1958 


(3) Elementary School Science 
(5) History, Philosophy, Goals, and Objectives 


TST’s editors will welcome 


Diehl, T. Handley; Thomas, Robert C.; and Campbell, 
Jeptha E. High Temperature, Short Time Pasteur- 
ization of Milk. November: 394. (4) 

Diehl, T. Handley and Setter, L. R. Rainout Studies 
and Techniques. March: 80. (4) 

Diehl, T. Handley, and Middleton, F. M. Reducing 
Evaporation of Water by Use of Hexadecanol. Sep- 


tember: 254. (4) 

Dodd, Alan L. Science Fiction in the Elementary 
School. December: 463. (3) (7) 

Doty, Robert G. Cure for Hard-to-Dry Glassware. 


September: 276. 

Durrell, John. Student Seminar at Public Health Cen- 
ter. September: 259. (9) 

Fact Sheet on Satellites. April: 136. (6) 

Federal Support for Science Teaching. September: 253. 
(6) 

Frank, Ruth. 
402. (7) 

Geilker, C. Don and Diehl, T. Handley. 
tion of Half-Life. December: 442. (4) 

Geldreich, Edwin E. and Heinlein, C. Leroy. Culturing 
Bacteria on Membrane Filters. October: 328. (4) 

Geldreich, Edwin E. and Heinlein, C. Leroy. Pour Plate 


(7) 


Microprojection Method. November: 


Determina- 


Technique. February: 16. (4) 

Giovannangeli, Arthur J. Pressure Areas in the Class- 
room. May: 204. (7) 

Goldstein, Philip. Concerning Ninth-Year Biology. 
December: 454. (10) 

Gomba, Frank J. Solving Problems by the Mole 
Method. December: 465. (7) 

Graf, Elizabeth. Gifted Sixth Graders Explore the 
Scientific World. November: 374. (3) 

Hadlock, Eloise T. This Js the Way We Do It. Sep- 
tember: 265. (7) 

Hage, M. K., Jr. The Value of Failure. November: 


383. (3) (5) 

Hartker, Raymond L.; Tarzwell, Clarence M.; and 
Henderson, Croswell. Basic Steps to Teaching Bioas- 
say of Water. April: (Part I) 130; (Part II) 133. 
(4) 

Heinlein, C. Leroy and Geldreich, Edwin E. Culturing 
Bacteria on Membrane Filters. October: 328. (4) 

Heinlein, C. Leroy, and Middleton, F. M. How Scien- 


(4) Experiments, Demonstrations, and Pupil 
(6) Information for Science Teachers (7) Instructional 


(8) Investigations, Research, and Fact-Finding Studies (9) Science Clubs, Fairs, and Exhibits; 
(10) Science Course Content, Organization, and Curriculum 
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tists Recover and Study Small Amounts of Organic 
Pollutants in Water. May: 196. (4) 

Heinlein, C. Leroy, and Cooke, William Bridge. Micro- 
Fungi in the Soil. February: 20. (4) 

Heinlein, C. Leroy, and Geldreich, Edwin E. Pour 
Plate Technique. February: 16. (4) 

Heinlein, C. Leroy, and Middleton, F. M. Separating 
Complex Substances by Chromatography. May: 
192. (4) 

Heiss, Elwood D. Helping Students Develop a Scien- 
tific Attitude. November: 371. (5) 

Henderson, Croswell; Hartker, Raymond L.; and Tarz- 
well, Clarence M. Basic Steps to Teaching Bioas- 
say of Water. April: (Part I) 130; (Part IT) 133. (4) 

Hollmeyer, Lewis H. Design for a Better Science Pro- 
gram. April: 127. (10) 

IGY Committee, National Academy of Sciences. 
ing Twelve Months at the Edge of Space. 
311. (6) 

IGY Committee, National Academy of Sciences. 
Earth-Probe Analysis. December: 434. (6) 

James, W. S. and Connell, L. General Science Today. 
October: 316. (10) 

Jaquiss, Robert S. Project Paper Drive. 
274. (4) 

Johnson, C. A. R. 3-D Models for Every Classroom. 
December: 467. (4) 

Kelley, J. B. Visual Oxidation-Reduction Reactions. 
December: 439. (7) 

Koepke, Charles III. What Qualities Must the Science 
Teacher Possess? November: 401. (5) 

Lange, Erwin F. and Payne, K. E. Science Kits in Ele- 
mentary Science Teaching. October: 321. (3) 

Lesser, Milton S. Teaching Scientific Methods in Yeast 
Study. November: 377. (7) 

Long, Robert H. Earth’s Magnetic Field. December: 
479. (4) 

Maddux, Grace C. A Pro for the Planned Program. 
March: 72. (3) 

Mallinson, George Greisen. The Textbook and Read- 
ing Difficulty in the Teaching of Science. December: 
474. (8) 

Martin, Arnold M.; Brother H. Edwin, F.S.C.; and 
Sister Joanna Marie, S.L. Norms of the High School 
Chemistry Test, Form N. February: 32. (6) 

McClanahan, James Attison. The Use of Dry Ice in 
Heat Transfer Experiments. May: 215. (4) 

McCurdy, Richard C. Toward a Population Literate 
in Science. November: 366. (5) 

McKibben, Margaret J. A Look at British Secondary 
Science Education. April: 138. (6) 

Merry, F. Archimedes’ Principle—An Exception? 
May: 217. (4) 

Middleton, F. M., and Heinlein, C. Leroy. How Scien- 
tists Recover and Study Small Amounts of Organic 
Pollutants in Water. May: 196. (4) 


End- 
October: 


September: 


(1) Conservation (2) Education of Science Teachers 
Projects and Activities 
Suggestions, Methods, and Materials 


(3) Elementary School Science 
(5) History, Philosophy, Goals, and Objectives 
(8) Investigations, Research, and Fact-Finding Studies 


Middleton, F. M., and Heinlein, C. Leroy. Separating 
Complex Substances by Chromatography. May: 192. 
(4) 

Middleton, F. M., and Diehl, T. Handley. Reducing 


Evaporation of Water by Use of Hexadecanol. 
tember: 254. (4) 

Moser, William Paul. 
May: 210. (3) 

Munch, Theodore W. Secondary School Science Facili- 
ties: Recent Construction—How Effective? Novem- 
ber: 398. (8) 

Newell, Homer E., Jr. 
IGY. May: 185. (6) 

Nixon, Richard M. The VP on Science. 
251. (6) . 

Novak, Benjamin J. School Community Activities for 
the Improvement of Science Teaching. November: 
387. (7) 

Payne, K. E. and Lange, Erwin F. Science Kits in 
Elementary Science Teaching. October: 321. (3) 


Sep- 


Elementary Science Suggestions. 


Rockets and Satellites in the 


September: 


Pengelley, Russell. A Plant Growth Experiment. 
April: 132. (4) 

Petit, Cecil E. Making Chemistry Demonstrations 
Visual. April: 142. (7) 


Phillips, L. W. Aberrations in Discussions of Newton’s 
Laws. December: 444. (10) 

Powell, William; Renner, John W., and Bray, Leo R. 
Points and Counterpoint in Teaching Science. May: 
181. (10) 

Pressler, Audrey E. Bacteria That Make Life Possible. 
October: 309. (10) 

Owens, C. W. Securing Free Materials. 
276. (7) 

Read, Albert J. Teaching Aids in Astronomy. 
ber: 402. (4) 

Renner, John W.; Bray, Leo R.; and Powell, William. 
Points and Counterpoint in Teaching Science. May: 
181. (10) 

Reiner, William B. Testing and Evaluation in the 
Teaching of Science. October: 324. (8) 

Roller, Duane H. D. How Can We Use the Knowledge 
of Current Science? September: 244. (5) 

Sawyer, Wallace W. What About Science is Important 
to Teach? December: 430. (5) 

Schafer, Donald A. Advanced Science for Gifted Stu- 
dents. September: 269. (10) 

Scott, Sumner T. Extending the Science Curriculum. 
December: 458. (10) 

Setter, L. R. and Diehl, T. Handley. Analysis of Ra- 
dioactivity in Vegetation. March: 77. (4) 

Setter, L. R. and Diehl, T. Handley. Rainout Studies 
and Techniques. March: 80. (4) 

Shapley, Alan H. To the Edge of Space: IGY Upper 
Atmosphere Studies. March: 69. (6) 

Shugart, LeVan; Breedlove, Charles; and Smith, Alden. 


September: 


Novem- 


(4) Experiments, Demonstrations, and Pupil 
(6) Information for Science Teachers (7) Instructional 
(9) Science Clubs, Fairs, and Exhibits; 


Science Talent Searches (10) Science Course Content, Organization, and Curriculum 
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A Science-Economics Workshop. December: 451. 
(10) 

Sister Joanna Marie, S.L.; Brother H. Edwin, F.S.C.; 
and Martin, Arnold M. Norms of the High School 
Chemistry Test, Form N. February: 32. (6) 

Sister M. Clarice, O.P. Assignments in the Study of 
the Invertebrates. December: 478. (7) 

Skibness, Edward J. A Fool-proof Electroscope. 
vember: 404. (4) 

Smith, Alden; Breedlove, Charles; and Shugart, LeVan. 
A Science-Econmoics Workshop. December: 451. 
(10) 

Smith, David T. Demonstration Experiment on Paral- 
lel Forces. September: 277. (4) (7) 

Smith, Herbert A. The Educational Film in the Teach- 
of Science. September: 282. (8) 

Sprecher, Roland O. A Demonstration Lens. 
ber: 470. (4) 

Stefaniak, Edward W. Functional Scientific Method. 
May: 206. (5) 

Sutton, Richard M. The Jay-Walker’s Equation. 
tober: 304. (7) 

Tannenbaum, Harold E. How Js Your Stock of Ex- 
perts? October: 333. (7) 

Tarzwell, Clarence M.; Hartker, Raymond L.; and 
Henderson, Croswell. Basic Steps to Teaching Bioas- 
say of Water. April: (Part I) 130; (Part II) 133. 
(4) 

Thomas, Robert C.; Diehl, T. Handley; and Campbell, 
Jeptha E. High Temperature, Short Time Pasteur- 
ization of Milk. November: 394. (4) 

Toll, John S. Recent Developments in Physics. Febru- 
ary: 25. (6) (10) 

Tuominen, William O. Sprouting for Sprouts. 
212. (3) 

Van Evera, B. D. Definitions, Didactics and Delibera- 
tions. April: 125. (5) 

Westmeyer, Paul. Teaching the Average Student. 
cember: 460. (10) 

Woodburn, John H. New Directions for Science Edu- 
cation Research. April: 137. (8) 

Yanowski, Barbara. Teaching Science By Means of 


No- 


Decem- 


Oc- 


May: 


De- 


Television. November: 406. (8) 
Zim, Herbert S. Where is the Science in Science Edu- 
cation? February: 13. (10) 


NSTA Activities 


AAAS Meeting. October: 351. 
B-I Section Officers. September: 292. 


Board Meeting. February: 43 (special meeting). Sep- 
tember: 291. 

CCSSO Conference. November: 417. 

Chemistry. March: 102 (films). April: 150 (tests). 


Constitution Revised. February: 43. 


Convention. March: 88. September: 279. October: 
351. December: 481. 

Debt Reduction Progress. November: 417. 

Election. February: 39 (1958-59 nominees). April: 
144 (officers and directors for 1958-59). October: 


351. 


December 1958 


Elementary Science Conference. 

Life Members. May: 209. 

NEA Building Dedication. December: 481. 

News Flash. November: 417 (conference on facilities). 

NSTA Testifies. April: 150. 

Safety in Science. March: 102. 

Secondary Science Teaching. December: 481. 

Schedule of Meetings. May: 229. April: 150. 
tember: 291. 

Science-Social Studies Workshop. February: 23. 

Staff Changes. September: 291. 

STAR ’58 Awards. April: 146. 


May: 229. 


Sep- 


FSA Activities 


Administrative Committee. March: 106. May: 230. 

Conference Reports. October: 353. 

FSAF Sponsors. February: 44. May: 230. September: 
294. December: 482. 

Military Service. April: 153. 

On-the-Job Research Grants. 
ber: 294. December: 482. 

PASS Conference. December: 482. 

1958-59 Programs. September: 294. 

Publications. October: 353. 

Registery of U. S. Science Teachers. October: 353. 

Science Achievement Awards for Students. February: 


March: 106. Septem- 


44. May: 220 (1958 Winners); 230. September: 
295. 
Summer Research Assistantships. April: 153. March: 86. 
March: 106. 


West Coast Conference. 





HECTOR SAYS: 

The Executive Secretary and staff told me they 
had a new publication ready to announce. In get- 
ting ready for this issue, | just put everything here 
in the bag. | hope | can find it. 


487 





AUDIO-VISUAL AIDS 


ANIMALS Move In Many Ways. Designed for use in science 
and language arts at the kindergarten-primary level, but of 
considerable interest to all ages. Illustrates the method 
of locomotion of children, dogs, horses, antelopes, 
wallabees, katydid, inchworm, millipede, snail, fish, ray, 
pelican, hummingbird, and dragon fly. II min. Color 
$100, B&W $50. 1957. Film Associates of California, 10521 
Santa Monica Boulevard, Los Angeles 25, Calif. 


ComsBustion. Contains many demonstrations and experi- 
ments that cannot be done practically in the school labora- 
tory. Shows the requirements for combustion, five factors 
controlling the rate, nature of spontaneous ignition, com- 
bustion characteristics, extent, and results of combustion. 
15 min. Sound. Color $130. 1958. Produced by Manu- 
facturing Chemists’ Association, Inc. Available for Joan 
from John Sutherland Productions, Inc., 201 N. Occidental 
Blvd., Los Angeles 26, Calif. 


CHLORINE—A REPRESENTATIVE HALOGEN. This film thor- 
oughly covers a typical textbook section on chlorine and 
shows much that the teacher is not likely to be able to 
demonstrate to high school or college classes in general 
chemistry. Film includes the nature of chlorine as an ele- 
ment, ion, and in compounds. Physical and chemical prop- 
erties are shown and the laboratory production of chlorine 
is demonstrated. The reel closes with the uses of chlorine 
in the chemical industries. 15 min. Sound. Color $130. 
1958. Produced by Manufacturing Chemists’ Association, 
Inc. Available for loan from John Sutherland Productions, 
Inc., 201 N. Occidental Blvd., Los Angeles 26, Calif. 





TREASURES OF THE EARTH. Designed to supplement the text 
series Heath Elementary Science for the middle grades, but 
useful through high school. Clear animation shows some 
of the ways minerals and metals have been deposited in the 
earth and concentrated in veins. Describes formation of 
oil and coal deposits. 11 min. Color $100, B&W $50. 
1958. Churchill-Wexler Film Productions, 801 N. Seward 
St., Los Angeles 38, Calif. 


MICROORGANISMS: HARMFUL Activities. Content varied, 
but includes Koch’s postulates and various body defenses 
against disease. Covers the protection of food and drink 
against the effect of harmful organisms. Of value for high 
school or college biology. 15 min. Color $150, B&W $75. 
1958. Audio-Visual Center, Indiana University, Blooming- 
ton, Ind. 


Movinc TuHIncs ON LANp. This film designed for use in the 
middle grades is correlated with the Heath Elementary 
Science texts. It is an amusing and enlightening story of 
the problems of two boys in moving a heavy box. The 
importance of friction in daily life as well as methods of 
overcoming it are clearly shown. 11 min. Color $100, 
B&W $50. 1958. Churchill-Wexler Film Productions, 801 
N. Seward St., Los Angeles 38, Calif. 


Tue Story or Anysurc, U.S.A. A mythical town overrun 
with a very real traffic fatality record and the method used 
to overcome the problem is the basis for Walt Disney’s 
newest humorous and thought-provoking film. This com- 
pletes a trilogy of safety films, the others being Motor 
Mania and How to Have an Accident in the Home. 9 min. 
Color. Long-term lease fee of $125. 1958. Educational 
Film Division, Walt Disney Productions, Burbank, Calif. 
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Well, here it is, sans color, sans stitching, and sans 
cover—but THESE ARE OUR SENTIMENTS. 
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HOW BAUSCH & LOMB EDUCATIONAL INSTRUMENTS 


MAKE SCIENCE EASIER 


TEACH, EASIER 
UNDERSTAND... 


¢ B&aL TRI-SIMPLEX MICRO-PROJECTOR 


more vivid views of microscopic specimens—easier to 
understand—than any other micro-projector anywhere 
low budget price. Easy projection of: 





Z 
(f ] 
| | 
& 3 - | 
4. Screen images of 2. Screen images of B. Toble-top images for 
prepored microscope living micro-organisms : 
‘ a tracing 
slides in liquid 
r gh 


¢ B&aL “ST” MICROSCOPE 
Standard size and operation; stu- 
dents learn better—the right way. 
Pre-focusing gage saves valuable 
class time. 





« B&L BALOPTICON?” PROJECTORS 


Brilliant full-screen images of slides, opaque ob- 
q 
jects, even chemical reactions. 


e BEL STEREOMICROSCOPES 


Natural 3-D detail, widest field of view, simple to 
use. 6.6X to 150. 


e B&aL SPECTROSCOPES 


Easy-to-see spectra of elements make chemical 
analysis easy to understand. 


BAUSCH & LOMB 


ont 





e B&L MACROSCOPES 


Versatile general science teaching 
tool. Ideal for gross specimen studies, 
dissection; handy for field trips. 
10X, 20 or 40. With stand (as 
shown) or folding tripod. 





TRY THEM! USE THEM! 
SEE FOR YOURSELF IN 


FREE CLASSROOM DEMONSTRATION! 
(Just Mail Coupon) 


~~~ ------4 


BAUSCH & LOMB OPTICAL CO. 
78036 St. Paul St., Rochester 2, N. Y. 


t 

I 

! I'd like (1) a demonstration, [] catalogs, on: 

I () Tri-Simplex Micro-Projector [] “FL” Microscope 
l () Macroscopes [] Stereomicroscopes 
C] Balopticon Projectors C] Spectroscopes 


NAME . 

TITLE .. 

SCHOOL 

ADDRESS 

CITY . ZONE STATE 
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WEIGHT SETS 


for complete 


information write for 


FREE bulletin 
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the most modern 
package of weight 
sets ever offered 

Every lab can now have their weights in a 
shrink-proof, reinforced plastic, hinge-covered 


case. 
Modern, functional design affords sure, easy 


grasping. 
AVAILABLE IN BUREAU OF STANDARDS 
CLASSES C-Q-P 





SCALE CORPORATION 


1050 COMMERCE AVE. 
UNION, NEW JERSEY 
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